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PREFA(’E. 


Owing to tlie fact that foundry practice ir such an 
extensive field and embraces several operations, and 
since castings vary so considerably in type, it js im-^ 
possible, to give, let alone la}’ down, any rules the 
following of which, however closely, would reswlt in 
obtaining, in all ca.ses, satisfactory work. Successful 
founding is not dependent on any one operation or 
factor alone, but on several, and it does not follow 
that because metal of a correct composition is used a 
good casting will b(: the result, Tlie composition and 
form of the inould,*the, temperature of casting, and 
other important details, each of which varies with 
different castings according to their weight, the 
strength required, etc,, have :in influence. Indeed, 
founding is an art reejuiring considerable knowledge 
which can only be acquired by lengthy practical ex¬ 
perience, and, in addition, yic exercise of considerable, 
skill and forethought. 

From the foregoing it will be evident that it is im- 
possifcle within the limits of this little work, written 
at the%quest of the Publishers, to give ino»e than a 
general description of the methods of founding, and 
the autiior’s aim has been to provide, as far as the 
scop^ of the work permits, condensed and reliable 
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ihforn'iation as to the materials used and the methods 
followed^ in, more particularly, iron founding, and, 
more briefly, steel, brass, bronze, and phosphor-bronze 
casting, for those engaged in foundries, technical 
students, n'etallurgists, draughtsmen, engineers, and 
others. 

The author wishes to acknowledge the valuable 
information he has obtained from the standard works 
of M'William and Longmuir, Turner, Harbord, West, 
Sharp, and Keep; the Journalx of the Iron and Steel 
Institute, Cleveland In.stitute of Engineers, and South 
Stafib.rdshire Iron and Steel Institute. He is also 
under obligation to the several manufacturers who 
have • furnished the analyses of their pig-irons; to 
Messrs Thwaiti! Bro.s., Bradford, for permission to 
reproduce flgs. .5, 7, 8, 9, and 10, and for the blocks 
used for figs. 3, 4, and (i; and to the Publishers for 
fig. 1, which is taken from M' William and Longmuir’s 
Modem FoUnd/ry Practice. 

■ J. J. MOEC.AN. 


June 1912. 
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NOTES ON 

FOUNDRY PRAOTIjUE. 

§ l.-PIG- OR CAST-IRON. 

Pig- or Cast-Iron, the seini-iuanufactured piu- 
duct of the blast furnace, varies in chemical coihposi- 
tioii, properties, and the uses to which it is put. As 
is well known, the base of all pig-iron is metallic iron, 
with which is usually associated varying piwontages 
of carbon, silicon, sulphur, phosphorus, and manganese, 
and, in addition to the foregoing, not infre(juently 
arsenic, copper, chromium, and titaniunj. In the. 
liquid state it may Jae considered to be a saturated 
solution of carbon, silicon, etc., in iron, but in what 
fonn it is impo8.sible to say. In many cases it may 
be already as compounds which crystallise out on 
cooling, or it may be that the compounds are formed 
during solidification, or during the subse(iucnt cooling. 
The presence of these non-ferrous elements is acci¬ 
dental, and is due to theft' being contained in, sand 
reduced from the raw materials (ore, fuel, etc.) from 
which the iron i.s made, and the percentages present 
vary>wj4h the nature of the charge, the woi'king con¬ 
ditions of the furnace, etc. Phosphorus, lioweyer, 
remains practically constant in iron made from the 
same raw materials. These elements ati’ect the pro- 

1 
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porties of the iron,'some to a greater extent than 
others, depending on the amounts present, and also 
on the state in which they exist, whether free or in 
chemical combination. 

A chemical compound in a metal is generally a hard 
and brittle substance, and it may rea.sonably be assumed 
that it imparts its properties, if not entirely,Vi't least 
to spine extent, to the metal in which it is contained— 
in this case iron. Carbon, silicon, phosphorus, and 
_sulphur form chemical compounds with iron, but man¬ 
ganese docs not. Manganese, .also, forms compounds 
with carbon, silicon, sulphur, and phosphorus. 

The properties of cast-iron are not entirel^^ depen¬ 
dent on the chemical composition, as the rate of 
cooling, initial temperature of casting, etc., have con¬ 
siderable iiiHuenee. 

CARBON. —The carlKin present in cast-iron is 
derived from the fuel necessary for the reduction 
of the oxiije of iron of the ores to the metallic state, 
etc. It. directly influences the physical properties of 
the metal to a greater extent than any other of 
the constituents, and exists in several forms, hut 
two distinct varieties are generally recognised, viz. 
“ combined,” and “ free ” or “ graphitic ” carbon (also 
known as “ graphite ”). In .soft grey iron it is mainly 
present in the free or graphitic state, and in white 
iroB as combiiBid carbon. • 

Carbon has a strong affinity for iron, but there is 
a maximum quantity (according to Turner 4 2.5 per 
»cent.) which molten iron can dissolve, or^fTold in 
solution. The solvent power ot iron for carbon is 
influenced by temperature and time, and by the 
nature and amount of the other clement* pre.sent.^ 
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Silicon tends to reduce the solubility of carbon in iroiv 
so that with a silicon content of 20 per cent., carbon is 
nearly wholly absent. Manganese and chromium, on 
the other hand, raise the saturation-point. With about 
80 per cent, of the former the iron can hold 7 per cent, 
of carbon, with 75 pgr cent, of chromium, W per cent, 
of carben can be dissolved. Temperature ^also affects 
the amount of carbon which iron is able to hohi in 
solution, and the quantity thus held by molten metal 
is much larger than when in the cold state. 

The amount of carbon entering the iron is not affected 
to any great extent by the condition of the furnace, 
neither is it dependent on the composition of the charge. 

Total Carbon, —In the molten metal it is generally 
accepted that the carbon is wholly present in the 
combined state, and as the metal cools the carbon is 
more or less comjdetely thrown out, or precipitated 
as graphite, any excess above the saturation point 
separating out as “ kish.” 3'ho projiortionj in which 
the two forms of carljon exist in each state are subject 
to considerable variations, being affected by the 
presence of the other elements, the rate of cooling, 
initial temperature,' etc. Silicon and aluminium favour 
the separation in the free or graphitic state, while 
manganese and sulphur have an opposite effect. 
From this it will be seen that two irons may contain 
the same amount of total \arl>(m, yet different pro¬ 
portions of free and combined carl ion. 

The^strength of cast-iron varies with the amount 
and the .condition of the carbon. Up to a certain point* 
• 

* The higher the initial tempoiature i»f the nieitil the greater 
Ihc amount of heat imparted to the mould, and*cousequently the 
•cwling ia prolonged. 
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the change of graphite into combined carbon would 
ptrengthen the iron, but beyond this point any further 
change Would weaken the metal. The total carbon in 
foundry iron usually ranges from 3 to 3i per cent. 

Combined Carbon. —Of the several constituents 
of cast-iron, combined carbon,. that is the carbon 
remaining, in combination with the iron after the 
separating out of the graphite, has probaWy the 
greatest effect on the properties of the metal, and 
'is the principal factor in determining its hardness, 
ductility, tenacity, and behaviour during solidifying, 
and hence the ease with which it may be cast, and 
the soundness of the castings. It exists in at least 
two .conditions, viz. in segregated patches as a carbide 
of iron, cementite, having the formula FejO, con¬ 
taining 6'66 per cent, of carbon, and in fine striations 
as pearlite, a constituent made up of an intimate 
mixture of ferrite (pure iron) and cementite, con¬ 
taining O’Ofi per cent, of carbon, and represented by 
the formula 2 Fe-t-Fe 3 C. f 

The presence of the.se two carbides is probably 
brought about as follows:—First of all, the carbon 
unites with the iron in the proportions of 1 of the 
former to 14 of the latter, forming the carbide of 
iron, cementite. Then the iron in excess of that 
required to combine with the carbon to form cementite 
unites with the cementite, in the proportions of 7 
to 1, in alternate layers, forming a eutectoid alloy 
termed pearlite. With an iron containing alymt 0'9 
per cent, of combined carbon, all the carbon w present 
as pearlite; below this figure pearlite and a residual 
network of ferrite occurs, and above ijhe figure 
pearlite and a residual network of cementite. The, 
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i„,,,.dtb.l.rdu.»l.ab~«F^^^^^^^^^ 
aiMOunt present, it also g ,U‘Tith of the 

s“t.r:rbi:rid“be'; "t^rLinn^i-n.,.., tb. 

*T^r"-l“"o''^’»'‘ ' !“>' “I“" T 

Wtaii p..W~f eouibhred e.rl», are -..all,' 
suitable for the purposes specified . 

Extra soft siliceous grey iron ■ 

Soft cast-iron . • • 

Maximum tensile strength . • 

transverse strength . 

crushing sk-ength ov.er I'OO 

The figures will, however, vary ^ 

size of pie casting and the proportions of the other 

^'^GraSe^^Grapliite is the practically pure carbon 
in the^fre§ state, which.has separated wt from the 
1 Turner, Metallurgn of Iron. 
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molten iron during and after solidification, and after 
jt has Imjcoiiic solid and is still cooling. In cast- or 
j)ig-iroif it exists as flakes generally interposed 
between the grains of metal in all directions. During 
the cooling of the liijuid metal to the temperature of, 
and at the moment of, solidification the graphite 
sepai'ates (jut as plates or crystals vaiying in size with 
tho« initial temperature, and the rate of cooliflg (this 
is influenced by mass, such as the size of the pig or 
casting), and the slower the cooling the larger the 
plates or c.rystals. On cooling fi'om the temperature 
of solidification to that of the surrounding air, the 
graj'iiitc is precipitated in a non-crystalline, finely 
divided state, and this variety is termed “temper 
graphite.” Silicon favoui's the precipitation of the 
carbon as graphite, but the proportion necessary to 
effect this varies according to the amount of total 
carbon present, and, more particularly, with the pro¬ 
portions ^f sulphur, manganese, etc. Silicon also 
favours the separation of graphite as temper graphite. 

The influence of these two varieties of graphitic 
carbon is diflerent. (Iraphite as cry.stals or plates 
opens the grain, i.e., gives softness of texture, and 
renders the metal weak as distinguished from brittle¬ 
ness, the weakening being due to;— 

(a) The graphite plates being (d themselves 
weak and showing decided cleavage. 

(h) The breaking up of the continuity of the 
matrix (whieh in the case of cast-ii’on is alloy 
of/^a^bon and the other elements), 'fhis will be 
evident if we consider pig-ii^jn to consist of gra¬ 
phite sul-rounded by a matrix of a mofpllic alloy. 

Temper graphite, which is present in considerabk 
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proportions in all strong irons, giVcs .softness, combineji 
with closeness of texture and strength. 

It has been already stated that silicon favours the 
separation of carbon as graphite. Adamson* and 
otliers, however, hold that the separation may be 
largely of a thermal nature, that is, (hio to the 
tempeiaturo of manufacture and of casting; while 
from Saniter’s ^ experiments it would appear that the 
separation of graphite! is greater the higher the total 
cai'bon, the separation being facilitated by the greatey 
length of time the metal is kept at a high temper.ature. 
(.Ibarpy and (Irenet® conclude :— 

(a) That the higher the .silicon the lower tins' 
temperature at.which graphite separates. 

(h) That once it has commenctsd, the separation 
may continue at a lower temperature. 

(c) 'I’hat !it a constant temperature the separa¬ 
tion of grajihite is slower with a low temperatun! 
than with a high lempisraturc, anil ijso with low 
silicon than with high. 

The general eti'ect of graphitis is to open the grain, 
reduce the chill and shrinkage, and raise the melting- 
point of the iron. 

The softnass of grey iron is not due to the presence 
of graphite, but to tin- absence of cementite. 

SILICON.—This clement is found in cast-iron in 
quantities varying from a few tenths per cent.'up to 
4i- per cent., and is present as .silicides of iron and 
mauganese. Its presence in iron is due to the res- 
duction, during smelting, of the silica, KiO,. contained 
in the materials ft-om which the iron is maSe, and the, 

* Journal Iron ami Steel Inst., ^lart 1906* 

Ibid,, part ii., 1897. ^ Engineeriwj, vol. Uxiii. p. 626. 
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cjuantifcy reduced is dependent upon tlie temperature, 
quantity of flux, jiid the working conditions of the 
blast fuiinace. Since it tends to exclude carbon,and 
to induce the separation of carbon as graphite, silicon 
is usually looked upon as a softener. On pure iron it 
exerts a Ifardeniug influence, although to a lesser 
degree than carlwn. There is, however, a limit for 
the silicon content, beyond which it makes theflnetal 
crystalline and brittle, and for general foundry practice 
3 per cent, is about the maximuni. From this it will ■ 
be evident that silicon is both a hardener and a 
softener. Although, generally speaking, the higher 
♦the silicon the lower the sulphur, and rire versa, this 
is not necessarily the case, as iron is made which is 
both low in silicon and sulphur. Besides being 
favourable to the separation of graphite, silicon in¬ 
fluences the size of the graphite plates, and it has been 
found that on adding silicon to a hard iron the freshly 
precipitated graphite is smaller than that which exists 
in ordinary soft iron. The general effect of silicon 
is to reduce the carbon saturation-point of iron, to 
raise the melting-point, lessen the shrinkage, increase 
the tenacity, and decrease the ductility. By combin¬ 
ing with oxygen it also tends to prevent blowholes, 
thus producing sound castings. 

In foundry practice the proper regulation of the 
s’ilicon is most important, not only because of its own 
influence on the properties of the metal, but also on 
account of its influence on the carbon. It is,not 
practicable^ however, to fix an amount which shall be 
.suitable for every variety of work* as the quantity 
varies with the size of casting, and according^to the 
percentages of the other elements present. As a 
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rule, tlie lower the silicon, tlie weaker the small amj 
the stronger large castings beeome, and the higlier tly^ 
silicon the stronger the small and tlie weifkcr the 
large castings become. For grey castings the silicon 
should not exceed 3 0 per-cent, and not fall below 0'8() 
percent. M'Williaii* and Longmuir * give die follow¬ 
ing silicon contents as suitable for the given types of 
castings, the other constituents being normal:— 


Silictm jior cient. 

Malleable cast-iron . O'fl to O H 

Chilled grey iron casting . . 0-75 to 10 

High pressure cylinders, valve ^ ^ 

bodies, etc. 1 

(Jeneral machine and engine 1 ^ . 

details, gearing, etc. ) 

Soft engineering and mill- | ^ 

•wright castings, 2 )nlleys, etc. ) 

Soft thin castings, stu\ e grate 1 
and similar n^rk I 

Hollow ware .... 3‘() to 3'.') 


The results of Turner’s - e.xperiments show that the 
influence of silicon on the crusbing, transverse, and 
tensile strength respectively is of a uniform character, 
and he found under the conditions of bis experiments 
that the proportions of silicon, corresjionding to the 
several properties, were as fallows:— 


Maximum hardness 
Crushing strength 
Modulus of elasticity 

Density in mass 

- • -- 

’ General Foundry Fractice. 


Silicon per cont. 

. under 0-80 
about 0'80 
„ 100 
l-OO 

Journal Chemical Society, 1880. 
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Silicon jK*r cent. 

Combined crushing and tensile) , , , 

i 4 I 11 about 1-40 

streiigtli; transverse strength j 

Tensile strength . . . , T80 

Softness and working (|nalities . . 2'50 

From \vliat has already been‘said of the effect of 
silicon in r.egulating, to an extent, the amount of the 
combined carbon in the metal, it will be seen That it 
may be employed as a means of opening the grain 
land softening the iron. It is best added as a highly 
siliceous iron, as if used in the form of forro-silicon 
the diffusion is not so good, partly due to the dift'er- 
ence'in the melting points of the alloy and iron, and 
l)art,ly to the small ([uantitj' of the alloy rc()uired to 
bring about the desired result. Its use requires the 
exercise of discretion and judgment, and due regard 
to the composition of the iron, as the addition of 
either too much or too little may produce hard and 
brittle miAal, and unsound castings. 

SULPHUR.—As a sulphide of iron, FeS, or 
manganese, MnS, or po.s.sibly in both forms, sulphur is 
contained in cast-iron in ((uantities from a hundredth 
or so per cent, np to .several tenths per cent. In the 
absence of manganese, iron sulphide is formed, while 
if the metal contains manganese, which it nearly 
always does, the suljihur unites with it in preference 
to‘uniting with the iron. With an insufficiencj' of 
manganese to satisfy the whole of the suljffiur, the 
excess of the latter combines with the iron.^o that 
both s*dphid(!s may bo present. Of the sulphides, 
iron sulphide is the more objectiSnable, as it is readily 
fusible, and decomposes at high tempcratu%5s, gaseous 
sulpur compounds being given off, which, as they 
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escape, give" rise to blowliol(!s’, anrl tliorerore cai^se 
spongy, unsound, and weak luetal. Furtliei-, bcipg 
readily fusible, it is probably tlie last constituent to 
solidify, and, as a result, it tends to be unevenly 
distributed and segregates in tbe middle and upper 
parts of the casting. Manganese is notf so readily 
fusible, and the temperature of decoyiposition is 
highft'. Sulphur neutralises the (iffect of silieoi’i (one 
part of sulphur neutralises from ten to twenty-live 
parts of silicon), and keeps the carbon in the con*- 
bined state, thereby increasing the hardness .and 
shrinkiige of the metal and also the chill (“sulphur 
chill” is not to bo desired). It increases the fui5ibilitj^ 
and liquidity of tbe metal, .and much sul])hur, hi the 
absence of manganese and a high casting temperature, 
causes blowholes. Sulphur tends to increase the con¬ 
traction and hardness, and brittleness. 'Phe amount 
of sulphur allowable is difficult to lix, and is governed 
by the silicon content, but the foundc* is wise to 
exclude it as much fts possible, and in no case should 
it much exceed 010 per cent. For soft Huid castings 
0’04 per cent, is about the maximum, and for strong 
castings 0’07 per cent, gives good results. For strong 
castings, such as cylinders, it has been found that sul¬ 
phur up to about 011 per cent,, gives the greatest wear¬ 
ing properties. Metal vci^’low in sulphur is gcnerallj^ 
too soft, and wanting in strength .and rigidity. * 
PHOSPHORUS.—Phosphorus, which is present 
as phosphide of iron, Fe^P, although tending to ex¬ 
clude carbon, has no etfect, in the proportions usualfji 
found in ca.st-irofl, on the condition of the carbon. 
Pho8pl(nrua lowers the melting-poiftt of ca.st-iron, 
prolongs the period during which it remains fluid, 
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aud gives a very fine skin to the metal, hence the use 
of phosphoric irop. for fine detail castings, where 
strength ts of secondary importance. Small ijuantities 
of pho.sphorus increase the strength, but with large 
<|uantities the phosphide remains fluid after the main 
bulk of thb iron has solidified, and being deposited 
throughout (the mass in isolated globules, varying 
in size with the rate of cooling, causes weakness. 
Phosphorus, on the other hand, tends to eliminate 
blowholes, thereby promoting soundness; it decreases 
the shrinkage, but does not materially affect the hard¬ 
ness ; it reduces the amount of total carbon, and makes 
*the metal more fusible, more fluid, and causes it to 
remain fluid longer when melted. For strong castings 
the phosphorus should not exceed 0 60 per cent., while 
for general foundry work, where strength is not of great 
importance, 1 to J '5 per cent, may be allowed. Beyond 
the higher limit the metal is very hard and weak. 

MANGANESE.—As already stated, raangane.so 
increases the solvent power of iaon for carbon, and 
promotes the retention of the carbon in the combined 
form as carbide of manganese, which possesses the 
same tendency as carbide of iron to close the grain, 
increase the hardness, shrinkage, and chill. Keep 
shows that an increase of 1 per cent, of manganese 
over the quantity usually present increases the hard- 
ne.ss 40 per cent.; and the shrinkage 26 jier cent. Up 
to 1 per cent, it does not materially affect the pro¬ 
perties, except perhaps to slightly lower the deflection. 
Manganesg combines with sulphur to form manganese 
sulphide, and thus acts as a softener by counteracting 
the effect of stilphnr, and prevents blowligles by 
increasing .the solvent power of iron for gases. 
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10 oDtain metal having thfe lowest friction co¬ 
efficient, such as for slide valves,, motion bars, etc., 
Sharp' recommends the use of iron containing 2 to 3 
per cent, of manganese. 

In a paper on “ Cast-Iron in Theory and Practice,” 
read before the Maivchester Association of'Engineei-s 
(and I'lie Iron awl Voal Trader lievir^w of IGth 
Janusfry 1920), E. Adamson gives a series of tables as 
evidence that silicon does not control the mechanical 
tests of cast-iron, the percentage of. total carbon, tli<j 
ratio of graphitic carbon to combined carbon, or even 
the fracture of the pig-iron. If .anything could be sjiid 
to “ control ” the fracture, and, in f.act, the analj^es of 
pig-iron also, it was primarily the temperature condi¬ 
tions existing at the time of smelting. Sulphur, he 
thinks, is much abused, and its inllnence not under- 
,stood. Up to 010 per cent, is by no means detri¬ 
mental, and for ordin.ary ca.stings it was safe to allow 
O'] .5 per cent, without serious harm, depending on the 
physical characteristics of the pig-iron used. High 
sulphur was, however, unsuitable in malleable cast 
iron and chill work. For many classes of work 
phosphorus up to I'.'iO per cent, was not detrimental, 
but in castings which had to be continually exposed 
to heat in wear, the lower the better. Manganese 
added to niolton iron made for'hiirdnoss, it also helped 
to increase the depth of cBill and to close the grain, 
but this latter might be reversed if the manganese 
was added in the blast furnace. It did not follow 
that a virgin pig-iron high in manganese ^must ot 
necessity be a cloSc-gr.ained iron, nor did jho high 
manganic guarantee a “clean” iron. 

• Moslem Fouwfry Practice. 
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, In Table I. the influence of the several constituents 
on the properties of cast-iron are summarised. 

ARSBiNIC and COPPER, although common con¬ 
stituents of cast-iron, are generally present in such 
small (juantities as to have practically no influence on 
the properties. Arsenic has an influence similar to, 
although perhaps less mai'ked than that of phosphorus. 
Coppci' is sometimes added to give closeness of grain 


Table I. 




_o 



2 

4? 

a> 

• 

O 

•S $ 

2 « 

.1 

c? 

m 

s 

eS 

Ilardnc.ss 

X 


x‘ 

■ X 

X 

X' 

Chill . 
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X 

Weakness 

x' 
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X 


Shi'inkag(< . 

x 


— 

X 

— 

X 

Strength 

X' 



— 

— 

X 

Soundness . 

_ 


X 


X 

X 

Fluidity 


X 

— 

X 

X 

— 


>(= Increase. — = l)ecrea.se. x' = In excess. 


Titanium is a not uncommon constituent, probably 
as cyanonitride of titaiinim, and when present imparts 
a characteristic' velvety appearance to the fractured 
surface. As a deoxidiser ferro-titanium alloy contain¬ 
ing 0 to 12 per cent, of titanium is added to the molten 
'metal iii^lie ladle when about half full, and its value 
as such lies in the removal of ndt only the occluded 
oxides, but alsb the nitrogen and slag. According to 
Bahlson, a small (juautity of titanium increases the . 
bending and the tensile strength. 
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Aluminium- It is doubtful Vhetlier tins cleinont 
is present in cast-iron. Its influence, when added tp 
iron, either as metal or as ferro-aluminium, is similar 
to that of silicon, except that it is more energetic. 
It favours the separation of the carbon in the 
grajihitic state, amj, therefore, deci-eases* the chill. 
It also increases the strength, diminishes the shrink- 
ago, a»d eliminates blowholes. 

When used as a deoxidi.ser it is added in the .same 
manner as ferro-titanium. 

(Jrey iron melts at a higher temperature than 
white iron, and as a rule the higher the total Cij,rbon 
the lower the melting-point and the more fluid the 
iron. The melting together of grey and white irons 
does not give satisfactory results, as, owing tf) the 
lower melting-point, it will usually be found that the 
white iron conies down first. 

5 2.—GRADING OF PIG-IRO*N, 

I’ig-iron is graded or ekussified as Nos. 1, 2, etc., 
according to the appearance of the freshly fractured 
surface, the most open-grained grey iron being the 
lirst or No. 1 of the series, and white iron the last 
extremity. Mottled is an intermediate variety, and is 
a mixture of grey and white. 

No. 1 Pig.— 'riiis is the kreyest. of all the irons.' It 
breaks with a highly crystalline fracture, dark grey 
or black in colour, and shows large and easily dis¬ 
tinguishable flakes of graphite. The iron melts to a 
very fluid liquid, and, therefore, readily flows into the 
interstices of the mould. Owing to its cry,stalline 
.structure, and the large quantity of graphite it con- 
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tains, it makes weak'and brittle castings, an^ is only 
.used for very ligljt, thin, and ornamental work where 
strength is not re<juired. 

No. 2 Pig.—The crystals are somewhat smaller, 
the graphite less distinct, the colour lighter, and the 

• fractured'surface.smoother than,No. 1, but is stronger 

and harder, and less fluid in the molten state. It is 
used for light ca.stings. , 

No. 3 Pig.—This iron is still closer grained, and 

• the graphite plates not so distinguishable. It is 
lighter in colour, the fracture smoother, more compact 
.and dense looking, and it has less fluidity than the 
lowdr numbers, but is stronger, harder, and tougher. 
Either alone or in admixture with other numbers or 
scrap it is used for heavy and general work. 

No. 4 Pig.—Iron of this grade is whiter in colour, 
stronger, and more lustrous than the previous grades. 
It has a gi-anular, uneven, and more or le.ss mottled 
appearanoe on fracture, and does not flow freely. It 
is used for very rough and lyjavy castings, and is 
especially suitable for making malleable castings. 
This grade is often divided into two sub-classes, No. 4 
foundry and No. 4 forge, of which the former is the 
greyer and softer. No. 4 forge is the stronger, ap¬ 
proaches to whiteness in colour, is hard, and very 
close grained although still all grey. 

Mottled.—-This iron iff intermediate between No. 4 
and white, and consists of a matrix of white iron 
through which is scattered specks of grey iron. It 
is u.sc^ in making strong castings, and for mixing 
with siliceous irons. » 

White Iren.—The fracture is close grained, white 
in colour, and shows no sign of separate(f graphite. 
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It is very hard and brittle, and melts at a lowoK 
tempei’ature than grey iron. It .i.s very .sluggish, 
in flowing, contracts considerably on solHlifying, 
passing tlirougli a pasty stage. 

All Staffordshire mine-iron is usually graded as 
follows:— . * 

No.s. ], 2, 3, and 4.—The.se are all fouy<lry irons, 
descending in order of softness. 

Nos. 5 and (!.—More; suitable for the forge, or 
chilled castings. They are clo.se grained. 

No. 7.—Mottled. 

No. 8.—White. 

Scotch makers grade their irons as No. 1, No. 3, 
No. 4, mottled, and white. 

American irons are divided into a large number of 
grades. 

From the foregoing, it will be evident that although 
the fracture may, and doe.s in many instances, afi'ord 
information as to the chemical coiiiposition.of an iron, 
in others, owing to the several causes by which it is 
affected, it is no guide, and it is the daily experience 
of those who have dealings with pig-irons that there 
is too often little connection between the fracture and 
the chemical composition. Many instances of this 
could be given, but the following (Adamson, .lournal 
Staffordshire Iron and Steel 1 nst., vol. xxiv.), although 
perhaps an extreme exampTe, will bet .snflicient:—■* 

Fracture. No 1. Wliite. 

Silicon, per cent. . . 0'3,5 ()'32 

•t 

It is granted, h(rwe\er, that an ex^jeriunced man 
working pn irons of which he knows the source and 
. the conditions under which they are produced, is able 

9. 
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to form a very good and often accurate opinion as to 
.tlieir composition. At the same time, undoubtedly, a 
large number of the failures in the foundry are due to 
the iron being selected by the fracture. 


§ 3.—ANALYSES OP PIG-IRONS.' 
’ Cleveland Pig-Iron.“ 



Nu. 1. No. 3. 

1 

No. 4. 
Fomiiliy. 

No. 4. 
Forge. 

Graphitic carbon . % 

3-30 

301 

2-80 

3-00 

Combined . „ 

•1.5 

•27 

•48 

•02 

Silicon. 

2-i»0 , 2-80 

2-31 

1-53 

Sulphur. . . „ 

•03 

•04. 

•08 

•14 

Pho.sphorus . . „ 

1-.52 

l-.W 

1 -55 

1-.50 

Manganese . . „ 

■00 

•58 

•50 

•45 


Redbourne Hill Iron and Goal Company, 
Limited, Frodingham, Lincolnshire. 



No. 1. 

No. 2. 

No. 3. 

No. 4. 

Graphitic carbon . 

% 

CO 

U) 

3-20 

310 

2-80 

Combined „ 


•30 

•45 

*55 

•85 

Silicon . 


•2-.)0 

2-25 

2^00 

1-80 

Sulphur . 

M 

•01 

•015 

•025 

•030 

Phosphorus . 

» 

1-35 

1-35 

1-35 

1-35 

Manganese 
_ 0 _ 

>1 

1^75 

PTO 

l-OS 

100 


' In the iiiiijority nf cases the manufacturers .state that tlie 
analyses are approxinialc. 

'•* Imi, by C. Hood. 
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The Oarron Company, Glasgow. 



No. 1. 

— , 

No. 8. 
S|ioci!il. 

No. 3. 
Soft. 

*No. 3. 
FouJiilry. 

Graphitic carbon . 7 

3-50 

3^4fi 

3^35» 

335 

Combined „ . „ 

•14 

■20 

■18 

■20 

Silicop . . . „ 

2-NO 

2^27 

2^G!T 

215 

Sulphur . . . „ 

■03.5 

■045 

■038 

■O(it) 

Plio.splioru.s . . „ 

■70 

■70J* 

■099 

■700 

Mangane.so . . „ 

1^00 

■995 

]■()() 

■908 



Ni.. 3. 

No. ;T. 


Close. 

Ilai.i. 

(Ji'aphitic carbon . . % 

317 

3^1(! 

Combined „ . . „ 

■28 

■30 

Silicon.. 

175 

157 

Sulphur . „ 

■065 

■070 

Phosphorus. 

. ■705 

• 710 

Manganese . . • . „ 

■850 

■800 


Kettering Iron and Coal Company, Limited, 
Kettering, Northamptonshire. 



No. 1. 

No. 2. 

No. 3. 

No. 4. 


_Jf _ 


, _ _ 

_ 

Graphitic carlwn . 7 

3^90 

3^38 

335 

3^255 

Combined „ . „ 

trace 

■107 

trace 

trace 

Silicon . . . „ 

3^820 

2^91 

2613 

2^126 

Sulphur . . ^ „ 

■009 

■004 

•009 

• ■020 

Phosphorus . . „ 

P092 

■ ■5.57 ! P798 

P5.56 

Manganese . , „ 

■261 

•264 

•■287 

■174 
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Shelton Iron, 'Steel and Coal Company, 
Limited, Stoke-on-Trent. 



No. 1. 

No. 2. 

No. 3. 

No. 4. 
Forge. 

Basic. 

Graphitic carbon % 

3-60 

3-40 

3-2.5 

2-75 


Combined „ ., 

•10 

■2b 

•40 

•60 

3-()6 

Silicon ' . . . „ 

3'2.'5 

2-!)0 

2-47 

105 

•05 

Sulphur. 

■02 

•03 

•035 

•055' 

■000 

Pliosphorus .' . „ 

110 

110 

1-10 

1-00 

2-70 

Manganese . . „ 

2'2.5 

200 

1-80 

1-75 

2-75 


The Seaton Oarew Iron Company, 
Limited, West Hartlepool. 


“ Seaton (Jarcw ” Foundry HemafiU. 


Graphiti(t carbon 
Combiiu'd „ 
Silicon . 
Sulphur . 
Phosphorus 
Manganese 



No. 1. 

No. 2. 

No. 3. 

No. 4. 

% 

3-75 

3-45 

305 

2-70 


•30 

■40 

•55 

•70 


2-25» 

2-00 

1-75 

r.50 


•03 

■05 

•07 

•10 


•045 

•045 

•045 

■045 

•' 

110 

105 

•95 

•75 


t * 

“S.S.F.” CoW- 
Blast (’ylinclcr 
Ivon. 

“S.S.F.” CoM- 
Blast Refined 
Chilling Iron. 

Graphitic carbon 

O/ 

A 

2-82 

201 

Combined „ 


■51 

•59 

Silicon 


112 

•1)8 

Sulphur . 

») 

,•09 

•10 

Pho.sphoiHH, 

»> 

•06 

•06 

Manganese 

.. 

•56 

t -51 
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Z1 


“S.CM.” Malleable Pig-Iron. 

- - r. r-, •» 



Omy. 

Mottled. 

Whitp 

__ 

Grapliitic oarlnm . % 

2-25 

1-75 • 

•22 

Combined „ . „ 

•95 

1 m 

2-79 

Silicon. 

•81 

•70 ' 

•4!1 

Sulphur . . . „ 

•12 

•15 

•18 

Plio.sphorus 

•07 

• -07 

■07 

MaiigaiieHe 

•45 

•.S5 

•25 


West Coast Malleable Refined Pig-Iron.* 


(Jrcy 
Mottle.) . 
! White 


/ 


Call Kill. 

, 

Silicon. 

Sillpliur. 

1 IMiois- 
] jiliorit^. 

:i-80 

1-25 

010 

00/) 


0^7 to 
10 

010 to 
0-25 

j0'05 

;i-20 

o-oo 

()•:«) 

0-05 ■ 


Man- 

fjawesf 

010 

010 

010 


Special Malleable, Bi-and -Lorne.” 
(Charcoal Cold Blast.)' 



Combined 

CiiTbon. 

Orapltitic I 
(Jarboii 1 

Silicon. 

Man¬ 

ganese. 

drey '/„ 

!'■ 

I 0-88 


0-84 0-015 0-08 • 

012 

White „ 

! .1-.35 


0-25 ' 0-055 0-112 

• 

0-0<) 


' HiittielcI, Coat Iron in the Ligid of Heceid Meaearch. 
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No. 4 W.O- Staffordshire Oold-Blast.* 
' P. Williams & Sons, Tipton. 


Combined carlnm 
Graphite . 
Silicon 
Sulpliur ■ . 
I’Jioaphorus 
ManifaneHi; 


• 50 % 
2-5() „ 
•93 „ 
■08 
•45 „ 
■56 „ 


Cold-Blast Cylinder Rg-Iron.* 
M. & W. Grazebrook. 


Combined carbon 

. . -50 % 

Graphite . 

. 2-60 „ 

Silicon 

. 100 

Sulpliur . 

. -08 „ 

Phosphoru.s 

• -47 „ 

Manifaneso 

. -50 „ 


Staveley Coal &; Iron Co., Ltd. (No. 1 
Furnace, Devonshire Works.) ’ 


Carbon . 

■ • 3-55 % 

Silicon . 

. 310 „ 

Sulphur . 

. 0 026 „ 

Phosphorus 

. . 1-43 „ 

Manganese 

. 0-81 „ 


' “Iron and Steel at tlie Franco-British Exliibitioii,” 

Steel Inxtitute Journal^ 1908, part iii. 

Ihiil 

® F. (Sements, Iron awJ Steel Institute^ and Iron and Coal 
Trades Reiiew, May 7, 1920. 
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South Wales and Monmouthshire. — Guest, 
Keen & Nettlefold, Limited, Dowlais, 
Glamorganshire.* 



No. 1. 

So 2. 

N... 3, 

No. 4. 

No. 5. 

• 

Mottled. 

White. 

• 

Coiiibiitod carbon % 

•30 

•82 

•42 

•47 

•64 

1-90 

’ 2-88 

GraphiU* . . 

376 

3-50 

3-20 

2-8-4 

•2*52 

1-00 

•20 

Silicon , . 

2-20 

1-95 

1-86 

1-60 

1-40 

•60 

•60 

Sulpimr . . 

•026 

•035 

•066 

•08 

•136 

•20 

•26 

Plbtsphorus . „ 

•06 

•05 

•054 

•0063 

•062 

•054 

•062 

Man^nese . ,, 

1-15 

1-04 

•70 

•68 

•64 

•30 

• 

•33 

i 


West Coast Hematite.—The Workington Iron 
and Steel Company, Limited, Workington, 
Cumberland. 


Apjyroximate Analysis. 



K. 1. 

H. 2. ! 

IJ. 3. Forgo. 

Five. 

Mottled, 

Wliite. 

Graphitic carbon % 

3‘.no 

3’30 1 

3^00 • 2*76 

2-50 

1-60 

•50 

Gombinod ,, ,, 

trace 

-25 

•50 1 oO 

r20 

1-80 

3-00 

Silicon . . 

Ki-oni 1 to 3“/ 

! 1-76 

1-26 

1-00 

•75 

tSulphur . , ,, 

1'racc 

•020 

■040 1 -076 

*120 

•24 

•33 

riiosphonis . ,, 

From •OlO % to •060% ' ... 




ManganeHi' . „ 

From •lO % to ^’O % ; ... 

... 




' “ Iron and Steel at the Franco-British Exhibition,” Iron and 
Steel Institute Journal, 1908, part iil 









E. L. Rhead (The Principles and Practice of IrorC-founding) gives the following 
as the composition of metal for particular purposes:— 


NOTES ON EOUNDEY PRACTIOE. 
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UDsaitable for use where large variations of thickness. 
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§ 4.—GRADE AND CHEMICAL 
COMPOSITION. 

The several grades or Nos. of pig-iron differ in 
chemical coinpo.sitiou, a.s the Nos. increase* and the 
four constituents, combined carbon, graphiUc carbon, 
silicon,-aud sulphur, show a.more or less regularity,in 
variation. For a given type of irpn, phosphorus 
remains fairly constant, while manganese, on the other 
hand, is somewhat irregular. 'fairing first of all 
combined carbon, it will be, found that in a No. 1 iron 
it is at its minimum, and gradually increases through¬ 
out the series to white iron, which contains the 
maximum. Graphitic carbon is highest in No. J iron, 
and gradually decreases until, in white iron, the, whole 
of the carbon is in the combined state. Silicon is 
highest in No. 1. iron .and lowest in white, while 
sulphur is the oppo,site, being highest ^in white 
iron. , 

Unreliability of Fracture as a Guide to 
Chemical Composition.—Grading by fracture is 
really in etlijct gi'ading by the earl.ons, as the openness 
or closeness of the fraetui’c depends on the propoiiions 
of combined and free oi' grajdiitic carbon respectively 
present. Since silicon tends to favour the precipita¬ 
tion of carbon in tin; free or graphitic ,state, it might 
be reasonably supposed that the chemical composition 
of an iron, e.spee.ially as regards the silicon content, 
and also the sulphur, since a high silicon is usually 
accompanied by a 1(MV sulphur and I'ic-e i;e)',s(/,,*may ho 
determined from the appearance of the .fracture--the 
mure open the fracture the more siliceous and less 
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sulphury the iron. It must be borne in mind, how¬ 
ever, that the proportions of the total carton, which 
will ciAst in the combined and graphitic .states 
respectively, are not governed entirely by the silicon 
content of the iron, hut also by the quantity of the 
total carbon present, the prosence.of other constituents, 
some of which have one effect and others the direct 
opposite, the initial temperature, and the rate of 
cooling. 


§ 5.—SPECIFICATION OP AMERICAN 
FOUNDRY IRON.' 

Special Hard Iron (Close Grained). 

Silic(m must to between 1-2 and 1-6 per cent.; below 
1‘2 the metal will be too hard to machine; above 
VC it is liable to bo porous unless much scrap be 
used. • 

Sidphur mu.st not exceed O OS.5 per cent., .and any 
casting showing on analysis Od 15 or more of. sulphur 
will be the cause for rejectment of the entire mix 
(above 0115 p(!r cent., sulphur produces high shrinkage, 
shortness and “brittle-hard” iron. Exceptionally, 
however, as for frictional wear, in brake shoes, etc., 
the sulphur may run up to 0’15 per cent.). 

Plwsplujrm 'should to ‘kept below 07 per cent, 
unless specified for special thin castings. (High 
phosphorus gives brittle castings under impact.) 

Mangjmeae should not be above 07 per cent., except 
in special chilled iron. 

« 

* Report of the Bntiah Iron Trade CommUeim, 1902. 
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Medium Iron. 

Silicon to be between 1 '4 niul 2 per cent. (Silicon 
at 1’5 gives tlie best wearing result for gears.) 

Sulphur must not.o.xceed 0 08.5 per contt, and any 
casting showing on analysis 0 00.5 per cent, or more 
of sulphur will be the cause for rojcctment of the 
entire mix. (Sulphur preferred at^ 0 075 to 0 08 
per cent.) 

Phosphorus should be kept below 0'7 per cent.; 
except in special work. 

Manganese should be below 0'7 unless othcfwi.se 
specified. 


Soft Iron. 

Silicon must not be less than 2 2 nor more than 2 8 
per cent., with a preference for about 2 J.. (Kidow 
2 2 per cent, small castings will be very hard; above 
2'8, large castings will be somewhat W(^ak and have 
an open grain.) 

Sulphur in no c,a.sc must exceed 008.5 pci- cent. 
High sulphur makes iron “briliic-short” and causes 
excessive shrinkage. 

Phosphm-us should be kept below 0’7 jier cent., 
except in cases wheiv; jifteat’ fluidity is recpiirod, 
as in thin stove plate, when it may run up to 1'2,5 
per cent. Phosphorus makes iron brittle under 
impact. 

Matigancsc ahouM be kept below 07 per cent., 
except in chilled work. For a heavy diill the man¬ 
ganese may vary from 0 7 to 1‘25 per cent. 



28 


N^TES ON FOUNDRY PRACTICE. 


' Irons used by the American Committee on 
Standardising Testing of Cast-Iron.' 


Tyj»e of fasting. 

Siliutili. 

Sulpliiir. 

Phosplinma, 

Novolties . 

% .■ 
4-1!) 

0-080 

% ~ 

Stove plate. 

111!) 

0-084 

1-160 

(lyiiiuler.s . 

2-49 

0-084 

0-839 

Ijiglit iiuieliiiie'ry 

204 

0-044 

0-.578 

Heavy „ 

1 •!)(! 

0-081 

0-.522 

Dyiiaiuo i'nunes . 

10.5 

0-042 

0-40.') 

Ingot moulds 

107 

0-082 

0-09;") 

Car wlicels . 

007 

0-000 

0-301. 

Chilled roll. 

()-8.5 

0-070 

0-482 

Sand roll 

0-72 

0-070 

0-454 


Suggested Limits of Composition based on 
Size of Casting." 


Tliifknoss (if sectidU. 

Silifcii. 

IMlOS- 

pliiirus. 

Mf»n- 

gaiifsf. 

Siil|ilmr. 

Under J inch thick . 

•X-k 

% 

I -00 

040 

% 

0-025 

ito i .. .. ■ 

2-75 

0-80 

0-40 

0-040 

to 1 „ . 

2,50 

0-00 

0-.50 

0-0;")0 

1 to 1 „ „ ■ 

2-00 

0-70 

0-60 

o-ooo 

1 toll „ ‘ „ 

1-7.5 

0-65 

0-70 

0-070 

li to 2 „ . 

1-,)0 

0-00 

0-80 

0-080 

2 to2i „ 

1-26 

0-55 

0-90 

0-090 

n to „ 

« 

1-00 

0-50 

a 

1-00 

0-100 


1 Journal Ahericou Foundrifmen^s Aimociation, x, part ii. 
* Irm Age^ February 15, 1906. 
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SCRAP. —In addition to pig-iron foundry scrap its 
largely used in tlie inixture.s. It comprises lig^it .shop 
scrap—gates, runners, etc.; heavy shop scraj), such as 
heavy runners, wasters, etc.; liglit and lieavy niacliin- 
ery scrap; and common .scrap. As is obvious the 
composition will var^*eousi(l<*ral)ly, and for this reason 
it must be carefully selected. During molting, silicon 
is readily oxidised by oxide of iron, therefore sefaj) 
heavily rusted is not de.sirable. Scrap is employed 
with the objects of (I) using it uj); (2) reducing the 
cost of the mixtuio; and (.‘1) if high in silicon and 
otherwise suitable, as a means of opening the grain 
and softening the ii-on. According to hi. L. lllmad,' 
light machinerj', hea\ y machinery, and common scrap 
may be taken as containing:- 
LkjIiI Mni:h liLcri/. 

Silicon , . 2 to 2'.5 per cent. 

Phosphorus, up to I per cent. 

Hcavjt Mdrliinrrii. 

.• 1'S to 2 0 per cent. 

( d to .‘)'2 per cent., of which 0 5 to 
I ()■() per cent, is combined. 

O iS piT ceid 
.01 

Mangane.se, under 0 (i „ 

Common. 

. Phosphorus, as much i^s I'u pel’ cent. 

Silicon 1’.5 to 3 .5 per cent. 

Sulphur, . U]) to 0 25 per cent. 

§ 6.—SHRINKAGE. 

Molten iron in coofingeontractsuntil thetemjieraturc 
of solidification is reached, and in coofmg from this 
’ l^riiicqihs unit I'rnciiee o/ Irmi-fouiiiHnij. 


Silicon 

Carbon 

Phosphorus 

Sulphur 
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temperature to that of the surrounding air it expands. 
Some ir^ons contract more regularly than others, and 
Keep found that whereas white iron contracted almost 
uniformly, grey iron, on the other hand, gave three 
distinct expansions before the final expansion began. 
The net result, however, is that a casting is always 
smaller then the pattern from which it is made, and 
it is usual when making a pattern to make an 
allowance of 1. inch per foot on light castings and 
j’.j inch on heavy, for shrinkage. The shrinkage is 
always greater in the direction of length and breadth 
than in that of thickness and depth. The shrinkage 
of castings is not uniform, and varies with the 
character of the metal and the mass or area of section 
of th.c castings, being greater with light parts which 
cool more rapidly than with heavy parts which cool 
more slowly. (White irons contract more than grey, 
which has the minimum shrinkage.) Shrinkage 
generally varies with the hardness, and, as the latter 
is largely governed by the silicon, it follows that the 
shrinkage depends upon the silicon content. Table 11. 
(Keep’s (Jditt Iron) shows the influence of variable 
silicon content and area of section on the shrinkage. 


Table II. 


1 


Contraction per Foot. 


Size of Bur. 

1 y 1 

2 ^ a 

1x1 

1x2 

2x2 

3x3 

4x4 


in. 

in. 

ins. 

ins. 

ins. 

ins. 

Silicon, 4 . • 1 % 

oTsa 

O'lfiS 

0-146 

0-130 

0-113 

0-102 

,, . . .2 

0T69 

0-133 

0121 

0-104 

0-086 

0-074 


0‘135 

0*108 

0 095 

0-077 

0-069 

0-046 

Volume 

0'126 

0-260 

0-333 

0-600 

0-750 

1-00 
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The temperature at which the metal is poured also 
has an influence. 

The usual allowances for shrinkage are :— 

Metal. Allowance. 

Grey cast-iron . . J inch per foot.. 

White „ . . J- „ 

Steel . . . j‘'„ „ 

Gun-metal . 

Brass (yellow) . J „ pel* 10 inches. 

7.—CHANGES DUE TO REMELTING. 

Iron on rcineltiiij; undergoes both clK'inical and 
physical changes, and the two most important factors 
which alter the chemical composition are (I) the blast, 
which tends to decrease certain of the constituents, 
and (2) the fuel, which leails to the increase of some 
of the constituents. 

Carbon may be either docrea.sed or increased, accord¬ 
ing to the conditions. ‘The oxygen of the blast tends 
to eliminate carbon, and the longer the ex[)osure to, 
and the higher the pressure of the blast, and the 
higher the carbon, the greater the loss. On the other 
hand, long contact of the molten metal with coke at 
high temperatures may lead to the absorption of 
carbon. Silicon is decreased by oxidation to silica 
(SiO,), and the loss varies with the aradbnt of silicon 
present and the length of. exposure. Loss of 
manganese is brought about by oxidation, and by 
combining with sulphur and entering the fjlag as 
manganese sulphide *(MnS). Generali}-, the higher 
the sulphur the greater the loss of manganese through 
this cause. The sulphur increases, due to absorption 
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from the fuel. As a rule the phosphorus remains 
constant, althougli there is a possibility of its being 
increased by absorption from the fuel. 

No fixed data can be given a.s to the actual losses 
and gains which will be encountered in melting cast- 
iron, as they will vary with the condition.s—such as 
the grades of iron, the volume and temperature of the 
blfist, the composition of the fuel, and the construction 
of the cupola. > Kvery founder must determine these 
for himself under bis own conditions of working. As 
a rule, however, unless the total carbon is abnormal, it 
will remain mueli the same ; if abnormally low it will 
tend to increase. The silicon decreases to the extent 
of 0 2 to ()'3 per cent.; manganese may suffer a lo.ss 
of 0'2 to 0'3 when present to the extent of ] per 
cent., with a low content, however, the deereasc 
may be pi'actically nil. The iron generally takes 
up 0'03 per cent, of sulphur, but in the presence of 
an abnoi’mally high quantity of maiiganc.se it may 
actually decrease. ■ 


§ a—MOULDING SANDS. 

Moulding Sands consi.st chiefly of quartz or 
free silica and clay, together with variable amounts 
of iron oxide, lime, magnesia, and alkalies (sodium 
and potassium compounds). The refractoriness, 
porosity, and shrinkage of a sand are governed by 
the free silica or quartz, and the binding property 
or cohesiveness by the clay. 'Ilic other constituents 
may be considered as impurities, as quartz and clay, 
provided they are in the proper proportions, of them- 
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selves constitute a good moulding sand. Tlie re(juire.. 
ments in a moulding sand arc;— 

(a) Refractoriness, tliat i.s, the property of 
withstanding without lasion the temperature of 
the molten metal with wliich it cumcs in con¬ 
tact. There ara several factors whicli govern 
this property: (1) A high percentage ,of ([uartz 
or free silica. Pure silica is very l•e^l■ilctolly, 
having a softening point of a^out 1930° C., 
and, therefore, the higher the .silica the greater 
the heat-resisting property of a sand. (2) 
The, size of the ((uai'tz grain. A .sand of 
comparatively large grain is more refractory 
tlian one of small grain. (3) Freedom from 
imjmrities. Iron oxide, lime, iind magnesia, 
all tend to increase the fusibility. The alkalies 
ai’c generally present in small (juantities, and, 
being fusible at a low temperature, tend to flux 
the rest of the sand and bind it togetbey. Lime, 
pre.sent as carlmmjte, evolves gas at high tempera¬ 
tures, pi'oducing rough surface ca.sting. 

(b) Bond, Cohesiveness, or Strength is- 

the ]>roperty of beijjg e.asily lammcd into .shape, 
so as to accurately retain the Ori-m of the pattei'ii 
imbedded in it on withdrawal of the lattei’. and 
of withstanding the abrading action of a stream 
of liquid metal. As pi^viously stated, the bond 
of a sand is clay, which, however, is seldom 
pure but is generally mixed with impurities 
which weaken its binding projier ties. Pure clay 
consists of silic* j)er cent, alumiita 39'7 

per cent., and combined wuitei- 13i) per cent., 
and it is to the combined water that a clay 

3 
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owes its cohesive or binding properties. K a clay 
is heated to a high temperature the combined 
waier is driven off, and it lo.ses its binding 
properties, so that, no matter what amount of 
water is added, it will not regain its cohesiveness, 
and the clay is .said to be burnt. On the other 
hand, if a clay is heated or dried at a temperature 
insufficient to drive off the combined water, but 
sufficient to expel the moisture or accidental 
water, the cohesivoness is not destroyed, and 
on mixing witli water and subjecting to pressure 
it will retain the form on withdrawal of the 
■pressure. So, too, with moulding sands. Sands 
are classified as weak, medium, and strong 
according to the percentage of binder or bond 
(that is clay) they contain; the lower the amount 
of clay the weaker the sand. In practice a 
sand with as low a clay content as is consistent 
with ,thc character of the work in hand should be 
chosen, since much clay destroys the porosity, 
and causes shrinkage and cracks. For light 
castings a weak sand is used; for medium 
castings a medium sand; while for heavy castings 
a strong sand is employed. Want of binding 
may be remedied within limits by the addition 
of clay-water. 

Longmuir gives the fol'owing as suitable alumina 
contents in moulding sands:— 

Tyiw of ca.stin}'. Alumina per cent. 


Light brass .... 

. 12 

Heavy brass and light irop . 

. 10 

Mediujn iron .... 

. 8 

Heavy iron . . ■ . 

. 6 
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The shape of the quartz grains also aflfects the 
strength, and sands with grains havi&g jagged exteriors 
will be stronger than sands having smooth grains. 

(c) Porosity —that is openness, to allow of 
the ready escape of the air, gases, and moisture 
present in and generated in the mould on pour¬ 
ing the liquid metal. Clay being non-porous, 
and baking when heated tends to reduce the 
porosity. This property is als<» itifluenced by 
the proportion of quartz to clay, and, generally 
speaking, the higher the pioportion of (juartz 
the more porous the sand will be. Both the size 
and shape of the quartz grains have an influence, 
and the larger and more irregular in shape the 
grains, the moi'e porous or <)peu the sand. There 
is, however, a limit to the size of the grain, as 
too large a grain does not give a good flnish to 
the casting. Comparatively fine grains of a uni¬ 
form size will give a more porous sand'than one 
consisting of a mixture of large and tine grains. 

(d) Easy removal from the cold casting, to 
which it should give a smooth and clean surface. 
These properties are associated with the refrac¬ 
toriness and the size of the grains. 

(«) Resistance to the searching or penetrating 
action of the liquid metal. The metals difl'er in 
their searching or penetrating actJbu, and a sand 
which, with liipiid iron, would give a ca.sting 
easily cleaned, would, on the other hand, with 
lead, although poured at a much lowgr tem¬ 
perature, give a casting to which the sand would 
adhere most tenaciously. This property is asso¬ 
ciated with porosity. 
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(/’) Plasticity —tlic property of readily shaping 
itself to the form of the pattern. 

Sands are said to be “ open,” “ close,” “ weak,” or 
“ strong ” according to their porosity and binding 
properties. A sand that is “ open,” that is porous, may 
be “ weak ” or wanting in bindi'ag or bond, and vice 
verm, a “ strong ” sand, that is one that binds well, may 
at the same time be “ close ” or deficient in porosity. 
“ Sharpness ” is the term applied to lack of cohesion or 
bond. River sand is an example of sharpness. 

Moulding sands may be divided into, (1) facing 
sand, that is the .sand which comes into direct contact 
with the pattern, and is used ftrr the purpose of 
giving to the casting a clean, smooth surface; (2) 
“ black ” or “ floor ’’ sand, which does not come into 
contact with the pattern, but is employed to complete 
the mould, giving it rigidity and a ])orous bacdcing: 
(3) “parting” sand, which as the name implies is 
employed* to separate the s(!veral divisions of a 
mould; (4) “co7’e” sand; and (5) loam. 

The grade of a moulding .sand is determined by 
the size of its grain. For light work the finci' 
grained sands are employed. 

Green Facing Sands.— The term “ green ” has no 
reference to the colour of the sand, but is applied to 
the sand in its raw, natural, or green state, fl'hc red 
sands of Bellast, Mansfield, iStaffbrdshiie, and the 
yellow sand of Erith arc types of the sands em])loyed 
as facings. The sands arc ground or milled, sieved, 
and foil iron casting mixed with coal-dust, powdered 
charcoal, coke-dust, etc, which is added to assist in 
peeling the sand from the casting. The strength and 
fineness of the facing sand used varies with the 
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character of llie work, and for liolit ornamental wort\ 
with’intricate detail of design a stivng and v^ry fine¬ 
grained sand is (nnployed. For liglit work with a 
plain surface a weaker sand ina>' he used, and black 
or floor .sand mixed with coal-dast gives good re.sults. 
For work of comparatively thin section and large 
surface the coal-dust and sand are u.sed in the 
proportions of a .shovelful of the former to a riddle 
of the latter. It is not noce.s.sary with all classes 
of work to u.se new sand for facings, and a mixture 
of e(|ual parts of new and black sands with coal- 
dust in the proportion already given, and milled, 
answers well. In a large numbe^r of foundries the 
work is of such a charactei- that n(;w sand is seldom 
nsed alone for facing purpo.ses, black sand being 
added in proportions varying from 2.5 to 75 per cent. 
The proportion of coal-dust also varies, and ranges 
from 5 to 15 per C(;nt. The amount t)f coal-dust 
permis.sible varies with the nature and (Quality of 
the sand and the charticter of the casting: the heavier 
the casting the larger the amount of coal-dust that 
may be used. With light castings too much coal- 
dust givts a glazed .and .shiny .surface, and with 
heavy castings a pitte<l or pock-marked surface full 
of veins. For castings over 3 inches in thicknes.s 
M' William and Longmuir suggest the ratio of one 
part of coal-dust k) S to 9 parts of sai^d. According 
to Sharp (Mcxh'ni, Foundnj Prorticit) the following 
is the composition of a good facing sand :— 

10 parts. 

1 „ 


Black floor sand 
New river sand 
Coal-dust 
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■ With some classes of work coal-dust in the facing 
sand h^s an effect on the casting similar in appearance 
to that of cold-short working, which is especially 
noticeable at the teeth of small spur-wheels. This 
is obviated by omitting the coal-dust. (Sharp.) 

For steel castings any of the red sands may be used, 
provided ai suitable facing is dusted on. Floor sand 
strengthened by the addition of loam, and mixed 
and milled, is also employed. Sometimes coal-dust is 
added, and for certain work either beer-dregs or 
molasses. Only light castings, requiring little finish 
or surface, are made in green sand. 

For brass casting the finest qualities of Belfast, 
Mansfield, and Birmingham cemetery sands are used 
for facing purposes. The sands must be drier than 
those used for iron casting, as the moulds have to be 
rammed harder, and also of a finer state of division 
in order the better to resist the searching or penetrat¬ 
ing actioh of the metal. Usually no coal-dust is 
mixed with the facing sand, as it tends to produce 
pock marks and veined surfaces. Floor or bench 
sand, either alone or renewed by the addition of new 
sand, may be employed, but with ornamental work 
new sand is always used. 

Dry Pacing Sands.—Any of the sands which, 
after ramming, dry into_ a compact and coherent 
but porous mass may be used as facings for iron 
casting,s, and rock sand is e,spocially suitable for this 
class of work. For cylinders and the teeth of spur 
wheels ooke-dust is sometimes used. Either Mansfield, 
Erith, or Staffordshire sand may be used, provided 
the sand is mixed with horse-dung and milled. A 
dry facing sand wanting in bond, that is weak, may 
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be strengthened (tempered, as it is termed) ))y adding 
clay-Vater, core-gum, or flour. 

The sands employed for steel castings have, owing 
to the high temperature at which the metal is poured, 
to be very refractory, and for this reason silica sands 


are generally employed. As such are generally 
deficient in bond, clay is added. V'ariows composi¬ 
tions, " compos ” as they are termed, are in use, and 
for the most part they consist of firebrick, silica- 
brick, old crucibles, etc., and various binding materials 


mixed and ground together. Harboid (Mef.allv/r<jy 
of SteA) gives the following analysis as representing 
• a steel-moulding eoinposil.ion ;— 


Silica . 

Ferric oxide 
Alumina 
Lime . 
Magnesia 
Potash and soda 
Loss on ignition 


.')9 Kl per cent. 
r>-42 
2516 
114 
0-75 

3 - ()() 

4- 84 


Beckmann {Gifttserei-Zcituiiff) gives the following 
as typical compos for steel moulds:— 

(1) Firebrick, 12 parts; best clay, 3 parts; silver 
sand, 14 parts; a little common sand being added to 
increase the porosity. 

(2) Crucible shreds, 40 parts; hes? clay, 10 parts; 
quartz or silver sand, 30 parts; powdered coke, 10 parts. 

(3) Firebrick, 12 parts; crucible .shreds, 4 parts; 

best clay, 3 parts; graphite, I 4 parts. , 

(4) Quartz, 8 parls; best clay - which may also be 
replaced by syrup or treack—10 parts ;* coke, 10 parts. 

Black or Floor Sands. —It is obvious that the 
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(;oinpo.siiiou of ihese sands must iieoessariTy vary 
considorably, and.is dependent on the facing Sands 
originafly used. M'William and Longinuir give the 
following as the composition of a black sand, from the 
floor of a foundry making light castings:— 


iSilica . 
H'erlic oxide 
Alumina 
Lime . . 


V8 5 per cent. 
600 
4-7r> 

0-30 


The sand used in making the door of a new foundry 
should be of an open nature and of moderate strength, 
and 'for the purpose the red and yellow sands of 
Worksop and lirith respectively are suitable. 

Parting Sands. —An essential property of a 
pai-ting sand is that it should not retain moisture. 
It should also be line grained, uniform of texture, 
and free from chalky matter and salt. Burnt sand, 
red brick-dust, fresh sand, sea and river sand, and 
blast-furnace cinder, finely ground, are used. 

Core Sands. —For core making a sand practically 
free from alumina and high in silica content, that is 
“sharp,” such as rock sand, is used, the reejuisite bond 
being obtained by adding flour, core-gum, rosin, 
linseed oil, or other organic substances. Blast-furnace 
cinder, sea or river sand are sometimes mixed with 
fine, strong sand, and a l?i,tle clay to make it ad¬ 
hesive. Clay added to give btmd is objectionable, 
as the metal bakes the cores hard and renders their 
' removal difficult. 

Red or yellow sands, rendered' open by means of 
horse-dung dreed and riddled, and hardened with 
core-gum or rosin, are chiefly used for ordinary small 
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cores; ami I'ock sand rendered open witli liorsii-dune; 
and hardened l)y rosin for small, intricate cores. 
Large cores are made from dry loam (jr diy green 
sand mixtures, to wliicli sawdust or hoi-,se-dung and 
core-gum are added. 

Loam. —The re(juirenients of a loam mixture are, 
drying hard without undiU! contraction, aijd in this 
.stat(! it must admit of rubliing (“carding”) without 
being friable; porous, soft and easy ty work, adhere 
and attach itself to its supports and at the same time 
firm. There is a variety of loam mi.xtures used, such 
as Krith .sand opened by horse-dung or cow-hair 
mixed with clay-water, or a mixture of close .Ind 
sharj) sands and clay-water added to obCain the 
requisite bond. 

§ !). OPENERS, BINDERS, AND FACINGS. 

Openers. — llor.se dung, sawdust, and cowthair arc. 
used to inci'iiase the porosity of the .sand or loam, 
and are bu-mod “ openers.” For small (su es the dung is 
dried and sieved, and .sieved only for dry loam or .sand. 

Binders are the substances .•nldtd when if, is 
reciuiied to obtain a hard surface, as distinct from 
that (jbtained bj^ hard ramming, without increasing 
the fusibility of the sand, (lorc-guni, a glutinous 
substance obtained from pcJlatoes and tether starchy 
substances, and gluten itself, act as binders. 

Facings. —Facing.s are used on the surfaces of all 
moulds to assist in peeling the sand from the casting, 
and they are either of a refractory nature, or are such 
as by the formation of a thin stratum (A’ gas retard 
the searching or penetrating action of the molten 
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<:metal. They are used both in the dry and liquid 
states^and in ajine state of division, and are‘'either 
siliceous or carbonaceous materials. The former in¬ 
clude talc, soapstone, and silica-flour, and the latter 
coal, coke, charcoal, flour, peasoraeal, and plumbago 
(mineral graphite), and blackiog (mixtures of char¬ 
coal-dust, coal-dust, and fireclay; or plumbago and 
fireclay). 

In green .sand moulding the facing in the powdered 
state is applied to the surface of the mould through 
a porous linen bag, or stocking-foot,-held over the 
surface to be coated, and the excess blown out by 
means of a bellows. Instead of blowing out, the 
facing may be smoothed on the surface of the mould 
with a trowel or “sleeker,” or brushed with a camel- 
hair brush. In cases where the surface cannot be 
reached with the .sleeker the pattern is returned to its 
place, lightly tapped to ensure uniform contact, and 
then withdrawn. 'Phis method is known as “ printing.” 


Facings for Green Sand Moulds. 


Type (if castiiij,'. 

Filoilig. 

Iron, light 
„ heavy . 
Brass, light* . 

„ heavy . 

Steel 

* 

Charcoal. 

Plumbago blacking, plumbago. 
Flour dr peasemeal. 

Terra flake (floured silicate of 
magnesia), plumbago. 

Floured silica. 


In loam and dry sand work the facings are applied 
as a wash by means of a “swab,” or brush, either 
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before the mould is dried or after, in the latter cas^ 
while ^he mould is still hot. For thg purpose several 
substances are used, such as clay-wash, mola.s8es water, 
core-gum, oil, beer, and beer grounds. All facings 
used in the liquid state come under the generic term 
“ blacking. ’ ' Plumbago gives better results with iron 
and brass than blackings. Sharp {Modem .Foundry 
Practice) states that a blacking made by the tllasgow 
Patent Moulders’ Blacking (^. maj^ be used for all 
classes of work, including green sand, dry sand, and 
loam moulds, also moulds for steel, malleable, and 
gun-metal castings. 

Steel moulds are faced either with nearly ^ure 
silica or carlxm. “ Compos ” are also used, made from 
the following recipes (Beckmann):— 

(1) Graphite 4 parts, tirebriek 1, finest clay 1 pari.. 

(2) Graphite 1 part, Dinas powder I, the latter 

being mixed with dextrin before incorporation with 
the graphite. • 

(3) Siliceous sinter in dextrin solution. 

(4) Graj)hite 12 parts, moulding compo-powder 4 
parts; Iwth in a finely ground state. 


Analyses of Sands.’ 

Mans- Kidder- , 

' Red Red “ k*«k 

Send. ‘Sand. 
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.Yellow Moulding Sands ’ 

lied Moulding Sands ^ 

‘ 

guurrieil in Soutli of 
England. 

(liianied in Wrffsoii, 
Notts. 


sn-oiiK. 

Medium. 

Wrak. 

Strong. 

Metliuni. 

Wimk. 

Silica 

SO *50 

83*10 

8S-30 

78-70 

84-90 

85-30 

Ferric oxi«i* 

8 •.>() 

2-70 

2-r)9 

2-23 

2-34 

2-57 

Alinniiia . 

11-00 

9 80 

7'«4 

7-57 

5-SO 

6-03 

Lime. 

1-20 

1-04 

0-72 

2*70 

0*40 

0*80 

Muj'iie.siu . 

,» ros 

0-71 

0 58 

1-73 

1-24 

0-46 

Loss oil jgniti«m. 

2-38 

2-03 

0-92 

5-05 

1-81 

1-62 


American Chemical Specification for 
Foundry Sanda^ 



l.ij'hl. 

Medium. 

H«*avy. 

Silica 

.S2-21 

,S.5-S.') 

.S«-40 

Alumina . 

i)-4.S 

K27 

(i;(() 

Iron oxide. 

4-2.'5. 

•2-:i2 

2-o() 


§ lO.-FOUNDRY FURNACES. 

Tlio tliroe principal typc.s of furnaces employed 
in the foundry for the melting of iron and other 
metals and alloys are, the crucible or pot furnace, 
the reverberatory or “ air” furuac(!, and the cupola. 

The Crucible or Pot Furnace.— On account of 
its beii4' the most expensive in fpel consumption, this 

* S. B. Siuitlf, Journal Cleveland Institute of EnyineerSf 1908, 

No. 2. 
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fumaco is usually used only for the melting of iron, 
on a dinall scale, such as in the production of inalleahle 
castings, and for other special purposes. For the 
molting of brass, Muntz’s metal, German .silv(!r, etc., 
and the preparation of these alloys, it is, however, 
extonsiv(‘ly 'used. Iji this type of furnace the 
draught is invariably obtained by means of ^ chimney 
or stack, the air indrawn being admitted under the 



fire bars. The proper construction of the furnace 
and flues is of considerable importance., as a slight 
dillcrence in the ai'rangemefit will consklerably affect 
till! draught. Each hole should, if possibl(', have an 
independent chimney and flue, and failing this a 
series of holes leading to a chimney on a e<‘ntre line, 
rather than to one at*onc end. Fig. I is the elSvation 
of a one-pot or crucible furnace, for malleable iron, 
brass, etc., with the top of the hole level with the 
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,floor. The lining is of firebrick, and the draught 
is regulated by tjlting the cover of the furnace* more 
or less open at the top. Fireclay pots are used, 
and the charge for iron melting does not usually 
exceed 70 Ihs. Crucibles for brass vary in capacity 
from 30 lbs. to 600 lbs. 



The two poVhole furnace, shown in fig. 2, for steel 
smelting, consists of a rectangular chamber built in 
with 9 inch firebricks, and the hole, 3 feet deep and 
from to 2 feet square, is shaped by ramming 
ganistef around a wooden core. iTho top of the hole 
is level with ,thc floor, and covered with a square of 
firebrick. The draught is regulated by means of 
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loose briclcs in the chimney under the level of the 
bars. Che crucibles or pots are maije of fireclay or 
of graphite or plumbago, and have a capacity of 
about 56 lbs. of metal. 

The fuel^ employed in heating crucible furnaces 
is a specially hard-buBued coke, which should bo as 
free from sulphur as possible, as if high, ywing to 
the porosity of the crucible, the metal will invariably 
be found to have increased in sulphur C9ntcnts. 

The Reverberatory or Air Furnace.—When a 



large quantity of metal of a uniform quality is 
required, as for chilled rolls, iron for large malleable 
eastings, ingots of yellow brass, etc., the air furnace 
is used. The furnace is generally of the reverberatory 
type with a double-arched# roof, so ttjat the roof 
dips very much in the centre, whereby the space in 
the melting part is reduced and the flame made to 
play over the surface of the metal, which probably 
tends to reduce oxidation of the metal. Th# bed, 
bridge, and roof are usually built of fir<ibrick, and 

' Crucible furnaces are also gas heated. 
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j-epaired with fireclay or ganister. The bed of the 
furnace slopes ^^owards the tap-hole, and iiT some 
cases is formed of sand rammed on the brick. The 
fuel u.scd is a iion-clinkering coal, burning with a long 
flame. Natural draught is usually employed, and it is 
regulated by opening or closing the doors (which open 
outwards^ fitted to the. ash-pit. By adjusting the 
doors to regulate the air stipjdj', an oxidising, neutral, 
or reducing flame may be obtained as l eciuirod. Tbe 
rate of melting is slow, and the fuel consumption high. 
With iron, the fuel consumption varies from 10 to 20 
cwts. per ton of iron, and an average of } cwt. of coal 
per cwt. of alloy.'. 

The Cupola.—In its simplest form a cupola may 
bo described as con.sisting of a vertical cylindrical iron 
shell, lined with a single course of fiicbrick or other 
refractory material, resting on a cast-iron base plate, 
open at tbe upper end, with openings at a short 
distance from the Ijottom for the admission of the air 
necessary for combustion. About halt way up is an 
opening, termed the “ charging door, for the intro¬ 
duction or charging of the iron, fuel, etc. At the 
bottom there is a small hole (“ tap-hole ) for the draw¬ 
ing off of tbe molten metal, and opposite an arched 
opening—the brea-st—covered with a plate, by means 
of which access is gained to make the neces.sary 
repairs, to remove the ashes and unfused material. 
In front of the tap-hole is a spout or launder for 
conveying the molten metal to the casting ladle. 
Just aj)ovo the breast-opening, but a little below the 
tuyiTc openings, is a slag-holA The molten metal 
accumulatesTn the vertical space between the bottom 
' M'William and Ijonginuir, Gawrul Foundrii 1‘rudice. 
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end anS'the coiiiinencoment of tfie openings for tlic, 
admission of t.he air or blast, and this space is termed 
the “well” or “hearth.” The 


iron plate forming the bottom is 
covered with refractory material 
—.siind or gaiiister—mined and 
sliaped to slojio towards the ta])- 
hole. 

9’hore are several I'onns of 
cupola:— 

(1) »S'«/ id-hoilom which 
arc cheap, c.as)' to work, and suit¬ 
able for ,small outputs. 

(2) (7yWff.s’( (ig. 4). 
—In this ty])e the cupola is 
carried on short iron columns, 
and, instead of being jirovidcd 
with an opening in the side for 
the removal of the unfnsed mate¬ 
rial, the bottom is npide in two 
halves, and hinged so as to hang 
down like a trap-door. In .small 
cupolas the bottom doors arc held 
in position by means of a bolt 
with a ring head,so that a hooked 
bar may be inserted for with¬ 
drawing the bolt. The Itottom 
doors of a large cupola are sup- 



Flu, 4.—Sfclioii (>rdioj)- 
ItiUditi <‘U|K>]a. 

A. hnrKwork; l>, iron felicll, 


ported by means of props lietween 


vliuigiii); iloor, 1>, 
r]iiii};int; |iliitforiii, K. air 


the foundation and the under 


l«‘U; (», tnv'i'n; I*’, 'Int)! 
hottimi ; U, hner for Work- 


sides of the doors. .This form of ■"«<ir"p 


cupola is suitable for large outputs, iind has the 
advantage that whenever the cupola is thrown out 
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of work* the l)ottoni is readily removed, and tlu» 
cupoli» cleaned and repaired. Gcverally a drop- 
bottom cupola i.s provided with a fettling door 
opposite the spout. 

(3) Ovjpolax 'iriili. r/'Cf'ivfru, of which 'I’liwaites 
“Rapid” is a typo. , In this form the metal is 
received and accumulates in a separate receiver, and 
not, as in the two previous types, in the .space between 
the bottom of tlie In'arth and the ,tuyeres. Tin; 
receiver is usually madi' of a eapaeity to eonbiin one 
half-hour's melt, and is lined with firebricks, and con¬ 
nected with the eujiola by a brick-lined cbaniK'l. A 
hot-air pi|)e between the cupola and the i-eceiter 
supplies hot air to the latter to prevent chilling of 
the iron. 'I'he chief use of a ri'Ceiver is to i'acilitalc 
the mixing of the iron, and thereby |>romote nni- 
formity of (juality. 

Of the three types, the solid-ljottom is the cbeajM'st 
in first co.st, and cost of np-kcep, lining, (d.c., v easiest 
to work, rc(juires the,least amount of fettling, anil, 
compared with a cupola with a icceivcr, will, with 
the same weight of fuel, produce a hotter iron, there 
being less brick-work to heat up. 'I'he di,sadvantago 
of a solid-lKittom cupola is that when more iron is 
charged than is reijuired if. is usually melf:ed lait, .as 
this is the easiest way^ and thus coke in exc(.‘s.s of 
that actually reipiired is bu«it and lost.. In n drop- 
bottom cupola, the iron and uneonsurned coke would 
in such a c.asc be. diopjicd out. on to the floor, and 
sejiarated. 'I’he amount of coke re(|uir('d to form 
the bed is greatm' .with solid and drop-lTottom 
cupolas than with cujKilas of the roeeir'ci type, due 
to the former rciiuiiiiig a greater distance Is twecn 
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Fig. 6.—Thwjiite’s i‘a|H(l cujtoU, niouuted oii diop bottom, and 
witliout rccoivor. 
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the bottom of tlii* b(>,a,rtli and tuyoros, to allow of a 
iMxly of motal boiiio (lollec.bxl Notwithstanding this 
fact, cupolas witli receivers are not so economical 
in fuel consumption, and r(‘(|uirc more fettling than 
the other types. 

'rinu'e are several methods of supplying the air to 
a cu])ola 

(1) In ordinary practice the air enters the cupola 
umhu’ pressure*, through two or more tuycre.s, which 
may bo in oms row or more, pliiced in a horizontal 
plane around the sides of the cupola ju.st above the 
hearth. The number of tuyeres einjrloyed vai ies, and 
wlnm two are us(sl they arc usually supplied dinict 
from tlie.bla.st main, but where a number of tuyeres 
is used an air belt is fitted to the (mpola, and the 
tuyi'ros are pltmed in rows, one above the other, tlui 
openings Wing “ sUiggered ” to allow of e(|ual distribu¬ 
tion of the blast. 

'rh(.‘ ah' or blast is supplii'd by a fan, or more 
n.sually a Hoot’s blower, as illusirated in fig. H. 

(2) By suction, in which the air is aspirated by 
means of a .steam jet arianged in a tube or (diimney 
connected with the. cujiola. Air is admitted to the 
cupola through openings round tin: melting zone. 

(2) Air is supplied to the cmit.re of the charge. 
This is accomplished by means of an air pipe passing 
up through tlft) bottom. 

Th(! chief cs.sential of a cupola is, that it molts hot 
and fast with a minimum of fuel. The height and 
area o^ the stack or chimney of ii cupola .should be 
such that the flame and gases Are. diuwn away from 
the charging door; and the. distance between the 
tuyeres and the charging door should be sufficient to 
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allow of the aHCondinj; flame, and the products of 
oouibustioii, im^yfirtin^ their heat to the deseendiiij; 
charge. The usual distance of the ehar{;in<; door 
from the bottom of the cupola is twelve feet. The 
liiiiii}; of cupolas is Generally contracted in the 
neighbourhood of the tuy('‘res,*to allow of the blast 
jienetratitig right to the centre of the cupola, and, to 
a lesser exterd., to reduce the amount of coke reipiired 
to form the bctl. The bed of coke should extend to 
at least 12 iue.hes abo\'e tlu^ tuyin-es. As rcigards the 
nuudx'.r of tuyi'res, one row, provided they are, of 
suflicienl. eapiieity (by cajiacity is meant the total 
area of the openings for the admis.sion of the air to 
the interior of the eujiola), will yield hot iron, but 
more slowly than two I'ows, which melt hot and fast. 
With two rows of tuyeres more perfect combustion 
is obtained, the second row sujiplying the air for the 
combustion of the carbon monoxide formed at the 
lower tflyia-es to carbon dioxide, 'rhree rows also 
melt hoi. and fast, but the u])ptr row cuts the lining 
and demands a deep coke bed Keeji gives the tuyere 
area as not less than one-ninth the area of the cupola; 
M‘'William and Longmuir give the area as one-tenth 
the cro.ss-section of the cupola in small, and one-seventh 
in large cupolas. The size of the hearth is determined 
by the distance between the lower tuyiTcs, whether 
.single or double rows, .and tin; Ixittom of the cupola, 
and is dependent on the cla.ss and wiught of castings 
to be produced, the duration of the cast, and also 
whetl^er a receiver is uses! to collect the molten metal 
or otherwise. If the distance is t(X) little, there arises 
the danger *of slag, and perhaps iron, getting into the 
tuyeres, and also iu the melting together of iron and 
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scrap ^there is a <lari<;cr oi' these not mixing, anil 
separate .strata of each being oljtaim'il. For cupolas 
with a receiver a ilistauce of 4. inches is sullicient, 
while witli tlie other ty[)es any distance less than 12 
inches abovi* the bottom is only suitaldc for hand 
ladle work. The slag’-hole, with whicli every cupola 
should be provided, is pliw.ed jn.st below the tuyi’res, 
opposite the tap-hole. The following are the dimen¬ 
sions of a .standard drop-bottom cuptila, W inches 
diameter. 12 feet from sole to eharging door; (i 
tuyiTC.s, (i inches in diameter, IS inelies from the 
bottom. (M'William and Jjongiiiuir). ^ 

For raising tlie matcriids of the charge to the 
eharging jdatform or stage, which is placed at a 
convenient height below the eharging door, hoists or 
lifts are employed. 

I,Ini'll,() llii' rn/iiila. —'I’he eujiola is generally lined 
with a single course of lirehrieks,' fr"(|uently oidy to 
or ,just above the charging door, but in Arder the 
better to witlnstand along or continuous run a lining 
of ganistcr may be added. The firebricks are set in 
thin fireclay to allow of their being laid tightly 
against each other, and built in secU'iiis of 2 to 11 feet 
or more, each .section being su[)])orted on angle-irons 
riveted to the inside of the easing or shell. To allow 
of contriiction and expansion, a sjiacc of about jj inch 
is left between the shell and the iirebrick lining, 
which space may be loosely filled with jiarting sand. 
When a ganistiT lining is added, the brick lining i.s 
dried and the ganistcr rammed round a .short *vooden 
model formed of the size and shape of the inside of the 
cupola, which, as each portion is eomple{ed, is raised, 

* With large cuiK)laR two courses of firebricks may bi* used. 
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ind tilt) rainiiiiiig ooutiiuied until tlic cliargiiiw door 
is reached. This-lining is afterwards dried. 

In putting in the lining, the change fi-oin the small 
to the large diameter in the neighbourliood of the 
tuyi'res must he gradual, and not sudden, or otherwise 
a shelf or ledge will result upon which the descending 
coke is likely to hang. 

(Icnerally the lining above the charging door will 
last as long aft’the shell, and the jiortion from this 
point to the melting zone, which is worn away more 
by the abrasi\i' action of the charge than by the 
cutting action of the heat, will, under ordinary 
circumstances, la.st .several years. The lining at the 
melting zone, and also that at the boshes, will reipiire 
renewing every few month.s. 'I'he jiortion below the 
tuyeres, in contact with the liijuid iron and slag, 
should have twice the life of that at the melting 
zone. 

y-'emotVc o/’Wo.st, -'I'll,, pressure of the blast \aries 
up to ]8ozs. persipiare inch, bift the pressure usually 
used is 10 oz.s. per .sipiarc inch (c(|Ual to 21-inch column 
on a water-gauge). As the diameter of the I'upola 
increases so should also the pressure of the blast. 
It the pressure is too low (“ .soft") it will not penetrate 
to the centre of the cupola, and although under this 
condition iron may be inidted hot, it will be at the 
cost of speed and of time, and loss of conibustibh' gas, 
therefore waste of fuel. With too great a pressure 
(“cutting”) the rapid rush of gas may cause the 
ejection of solid material, and the iron will be chilled, 
aijd the atmosphere becomes so strongly oxidising 
that not only will an undue proportion of silicon be 
oxidised, but the iron may also be oxidised, and pass 
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into tlie slajj. Tlu' ([Uantity of air used .sliould la* 
only slightly in excess of that actually rei|uir(!(l. 

FmL —The fuel most commonly used in the cupola 
is coke. Tt should be well burned, bright, den.se, 
hard, and suflicioiitly strong to carry the weight of 
the niotal charged upon it without crumbling. Jt 
should contain not le.ss than SS per is'iit; of tixed 
carbon, and be low in ash contents. As the iron in 
melting in the cu])ola is in direct contact with the 
fuel, the coke must he low in sulphur contents—not 
over ] per cent—otherwi.se a sulphury and hard metal 
will result. Although under normal conditions of 
working the metal does not take up jihosphorus, 
nevertheless the coke should be as free as ])os.sible 
from this constituent. 

Ijiineddtti '.—The limestone used to combine with 
the sand on the ])ig-iron and the ash of the fuel, to 
j)roduce a fusible slag, should Ixi as |)ure as ]io,ssible. 
and contain not over 2per cent, silica, amf not le.ss 
than per cent, of'lime. The (piantity generally 
used is from 3 to .'5 lbs. pei- cwt. of coke. 

Bohemian llux, which is cl.aimed Lo be superior to 
limestone as a llux, is practically a mixture of one- 
third lluor-.spar and two-thirds limestone. 

Putting in the Bottom. ‘Making the Tap-hole. 
Lighting up. —In preparing tin; cupola for a heat, 
the lining is chipped out, projecting lumps of slag 
removed, and the worn parts repaired with tlreclay 
or preferably ganister. * Should the cupola be of a 
drop-bottom type, the bottom doors are [ilaced a’jd fixed 
in position, after which the bottom is made. For this 
purpo.se the foundry floor or black .sand is passed 
through a J-inch riddle, damped suHiciently to cohere 
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when pressed togetlier, and spread over the Ixitlom 
plate or doors, whicli have previously been brushed 
over witli clay-water, evenly rammed, and, with a 
drop-bottom cupola, the sand tucked well in the 
spaces between the linino and the doors. At the tap- 
hole the bottom is brought leVel with the lining of 
the spoutor runner by which the molten metal passes 
from the tap-hole to the ladle, and from here made 
to slojH', about* I inch jier foot upwards, towards the 
back MO as to completely drain the metal towards the 
tap-hole. ('I'oo great a slope will cause too much 
pressure on the clay stojiping of the tap-hole.) Care 
must be taken not to have the bottom too wet or 
rammed too h.ard, or else the molten metal will scab 
or blistm- the sand, and let the metal out. V\'lu!n 
complete, the bottom may be bru.shcd o\cr with clay- 
water or black wash. 

'I'o m.ake the tap-hole, iti the opening left fur 
the purj1o.se in the lining (and iron shell) of the 
eujMila is jilaeed a tajs'red bai* of iron or wood of 
the diameter re(|uired in the ta})-hole, and the 
interv'cidng sj)ace between the bar and the lining 
made up with sand or a irnxture of cla_y and sand 
carefully and tightly rammed. When made tin' bai¬ 
ls withdrawn. 

The sjiout or launder is lined with .sand or ganister 
to jirotect it from the action of the molten metal. 

1’he tap-hole may eithei- be kept ojien throughout 
the heat, or closed and ojiened again when sufficient 
metal Ijas accumulated. It is closed with a mixture 
of two-thirds clay and one-third sand, moulded into 
the form of !i cone, which is placed on the end of an 
iron bar (termed the “ bod ” stick), and rammed into 
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the tap-tiolo. Should tlic cupohi l)c provided with p 
slag-liole it i.s made up and closed in a .similar way. 
Both the tap-hole and the .slag-hole are opened out 
when reejuired by mejiiia of a tapping bar. 

I'o light up the cupola, spread shavings over the, 
bottom, and pile them up around tin; tnyi'res. Then 
on the shavings place dry wood, and on the top of 
the wood make the eoke bed.' (doal may also be 
used in lighting up, but the i(nantity ,should be ke])t 
as small as possible, as on account of the sulphur it 
contains there is the risk of hard, that is sidphury, 
iron being obtained.) Bight the shavings at the 
tuyere's and at the tajeliole, and keej) liotli of these 
open to admit the air re(|uired for combustion. When 
the coke i.s well alight to the level of the tuyeres the 
charging of the pig-iron is commenced. 

Charging the Cupola. —Tn eh.uging the cu])ola a 
system should be followed, and the materials .should 
not be thrown in, in a hajdiazard we^. Bevel 
charging with a levet desis'id, of the charge should be 
aimed <at, as these go a long way towai'ds satisiaetory 
melting. The .several materials making up the charge 
should be weighed, and in cbargbig, a thin layer of 
scrap .should be placed uniformly on tin top of the 
bed of c<dve. to prevent the weight of the pig-iron 
crushing the coke. The pig-iron i.s charged on the 
top of the scrap, broken iflto four pieevs if the cupola 
is 30 fnclies diameter, and six to eight pieces if smaller. 
On the top of the pig, scr.'ip is again charged and 
evenly distributed over the whole area. Above this 

' In order io obtain llic nt‘‘‘e«sarv jviib a minimum 

of weight., for making l.bi* bed large pieces of coke should be 
used. 
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the next bed of coke is placed, and also the fimestone 
required for fluxing the sand on the pig-iron, etc. 
Charging is continued in the order described until 
the cupola is full to the charging door. In charging 
it is a good plan to throw the iron well to the centre 
of th(^ cupola, and tin; coke ni.ore towards the aides 
.—the iron lying, as it were, in a shallow basin of coke, 
the sides and bottom of which arc of e(|ual thickness. 
It is important, however, that the previous iron charge 
and the one Ix'ing added he separated and supported 
by a bed of coke. 'I’lic amount of coke put on 
between the several charges of iron to form the 
bed. should bo such as to keep the bed level with 
the top of the melting zone, and only sufliciont to 
replace the coke already consumed in melting the 
iron just liquefled. If the quantity used is too great, 
partial .stoppage of melting may result until the 
excess of coke has burned sufliciently to bring di)wn 
a fuT'thej supply of iron to the melting zone, and 
thus (!au.se a waste of fuel. ^In other w'ord.s, the 
((uantity of coke used to form the laid between each 
charge of iron should be such as to exactly fill 
the sj)ace vacated by the coke used in melting the 
previous charge of iron. Irre.spcctive of tin; ijuantity 
of coke used no actual melting of the iron takes 
place until the metal reaches the melting zone. 
Where the aa,me cupola i« used to melt charges of 
different character, a deeper bed of coke should lx; 
added to separate the charge being added from the 
one below. Wdien the cupola is filled to the charg¬ 
ing dodr, the blast may lx; pat on, and, although 
some founders^ hold that this should not be done 
for one or two hours after the charging is complete. 
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hotter irfni is obtained by .so doi'ifj. ISeforo piittino 
on th\j blast, sand i.s placed in front of the breast¬ 
plate, which is then wedged in position between 
snugs on the casing. 

Under good conditions of melting there is no 
.continuous flaming uy through each topmost charge 
put on, and if such bakes place it points to the coke 
bed biiing too large. It may also be brought about 
by a deficiency or bad distribution of bla.st, or a too 
shoi't cupola, or too great a pre.ssur(’ oi- volume of 
air, or the chaige consisting of too large pieces, and 
should be avoided as it is a waste of heat, and is 
combustion which should have taken place lower 
down. 'Phere may Is? a flame in the chimney stack 
immediately above the charging door, in fact there 
usually is such a flame. 'Phis ffaim' is the burning 
of the carbon monoxide, prol)ably fiom the incan¬ 
descent fuel just above the melting zone, and is 
(diarjicteri.sed by b(!ing of a blnish-jiink colour, and 
the llame cliTiging to every liltle |)rojection and 
ledge in the ehimmiy .stack. When th<^ llame in 
the chimmjy is of this bluish-])!rd< tinge, the blue 
predominating, the llame clinging to the chimney 
wall, now and again running down and burning at 
an opening in the charge in a ’■;iggcil sort of way, 
then good melting is being done. The pinker the 
flame, the greater the hcjjt of the e.s(;i])ing gases, 
and, therefore, a waste of fuel. I'nder good working 
conditions the temperature of the e.sea])ing gases does 
not exceed 350-400 (!. A llame of whitish-yellow 
colour, cxtcJiding thrungh the charge and nj) ihto the 
chimney, and often out at tlie top o^ljio chimney, 
and without the ragged a])j)carancc of the proper 
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flame, indicates that too little air is beiAg blown 
into the cupola. Such a flame may be seen in a 
cupola with proper blast any time when a tuyere is 
ojiened, thus temporarily reducing the blast pressure. 
This flame is ahso an indication of scaflblding or 
other obstructions to the frcf passage of the blast, 
and when it appears and the blast-gauge indicato.s 
a rise of jiressure, then it is well to sec if scaflblding 
has begun. 

No ruh^ can be giv(Ui for the amount of coke to lie 
used to form the coke bud. neither can one be laid 
down for the subsequent charges of iron and coke. 
B«th these vary, and can only be determined by 
actual trial. 'I’he fuel required to melt a charge 
consisting of .small ])iucus is les.s than that of one 
made uj) of large piece,s. In the former case, owing 
to a greater cooling surface being presented the gases 
leaving the cu])ola are more cooled, while in the 
latter cijse, the larger spaces betwemi the pieces allow 
of the more rapid escape of thp gases. It is, however, 
advi,sable to eri’ on the right ,si<io, and to stai t with 
a comparatively high coke bed, and gradually de¬ 
creasing the weight until the right amount is found. 
With too low a bed, the iron is dull and without life, 
while it the bed is too high, the'iron melts slowly. So, 
too, with the charges of iron, it is advisable to com¬ 
mence with, comparatively light charge.s of iron to 
heavy coke, .and to gradually increase the weight of 
iron until the best conditions are found. As an 
example, of charging, th<' follnwing is taken from a 
paper'by K. lluelianan ': 

' titaffmhhm Iron nnil Sted Institute Jourml, 1901. 
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Tnsido diameter of eupola 66 indies, eontraoted. 
to* 1!) indies at tlie bottom. Ileielit, bottom 
plate to diaroine door 15 feet. 'I’wo rows of 
tuyeres of 7S sijuare ine-lies total area. Melts 4 
tons per hour. Cupola full to ebareino door when 
5^(;wt.s. of iron ini> Hlast-pre.ssure S to 10 ozs.. 
and 24 to 28 lbs. of lime.stone jmt on toy of each 
charge of coke. 
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portant work, the metal should be remdtcd»two or 
three times liefore tJi*' linal easting is made, the 
iron from the lirst melt being cast into pigs, broken 
up, and recharged. 

Scaffolding—A cupola is saiil to sealfold when 
the charges of coke and iron do not follow down the 
previous charges of coke and iron ,.s they burn and 
molt respectively. With such a condition there is 
usually an e.mpty space in fxtint. of the tiiyia-es, and a 
roof of solidified iron .and slag, which may or m.ay 
not extend over the whole cupola. Scafi’olding may 
be caused by : — 

(1) Inferior coke, thfit is high in ash, low in fixed 
carbon content, ca' weak and friable. 

(2) An insutlidency of llu\ or coke. 
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•on the surface of the iron and the month of the 
ladle covered with a plate to prevent undufe chill¬ 
ing. Provided it is not allowed to get too cold, 
.standing of the iron in a ladle before poui'ing has 
a good effect, as thereby time is allowed for the 
absorbed gases to escape, the •inangaiusse and silicoii 
react iijKm tbo dissolved and inecbanically mixed 
oxides, and the manganese combine with the sul¬ 
phur forming manganese suljjhide which enters 
the .slag. 

With the object of eliminating the di.ssolved gases, 
and thereby obtaining sotinder castings, lead, zinc, 
tin, sodium, magnesium, aluminium, titanium, and 
ferric coinpounds (ferro-silicon, ferro-manganese) are 
.sometimes added to the iron in the ladle. The fir.st 
three act mechanically, and the others chemically, by 
reducing the oxides. As aluminium promotes the 
separation of the carbon in the gra])hitic state, it 
cannot be used with an iron low in silicon for strong 
castings. " 

Ladles.—'J'he ladles u.sed to collect the molten iron 
as it is taliped from the cupola, and to pour it into 
the moulds, arc made of wrought iron, or mild steel, 
and lined with sand or other refractory material, 
and dried and heated pnwious to use. d'hey vaiy in 
size according to the class of work in hand, from the 
small hand-ladle holding pounds, to tho.se of several 
tons capacity. 

Pouring or Casting Temperature.— 'I’o obtain 
good /'astiiigs it IS most essential tbat the m(‘tal Ik; 
poured at a correct temperature. This varies not only 
with the cliaracter of the iron, but also with the size, 
of the casting, and, as a general rule, the smaller 
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Wii‘ casting and tlie more intricate tlie pattern tlie 
liiglior must be ,tlic temperature of pouring, if the 
temperature is too low the mould mu}^ not he filled, 



Fkj. I’J. (Jcarofl fiaiii‘Lidlc. 


while, op the other hand, if it is too high blow¬ 
holes, rough surfaces, and \vai,it. of strength in the 
casting may result. 

The metal .should he jxmred in a steady .stream, 
and .sullicieutly rapid to l<ee]> the basin, runner, and 
gate full. 

§ ll.-MIXING. 

Of the sevai’al prohleiAs which are met with in 
foundry practice, the pioj)er selection and mixing of 
the iron is one of the mo.st dillicult and important, as 
on it di^pcnds the cost and the properties of the 
resulting castings. 'I'here are hevcral factors which 
have to be kept in view, and which either singly or 
collectively have to ho con.sidered: (1) The class of 
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castiiitr to 1)1! produced, whctlicr li(‘iivy or liolit. As 
rcoai’tlK tills, ai) ii'oii (soft) wliicli woiilil jjivc a salis- 
I'actory liolil cjistiuj; woulil be wliolly unsiiilalilc lor a 
heavy castino, and eicc iv'c.so. ("2) 'I'he cost of the il'oii, 
and tlie cost of pnaliictioii as coiiipjired with tlie pi'iee 
’ obtained for the casting, (‘i) 'Die iron obtainable jit 
hand. Fr('(|iiently the founder is considerably Imndi- 
capped by heinj; so situ.ated as to ha\e no choice hut 
to use local iron, which, although not thi' one he 
would deshe, is, on iio'onnl of the price, the only one 
perniissihle. (4) 'I'lu' chemical and jihysical pro¬ 
perties of the castings. Tt may h(' that castings havi‘ 
to he ma<le which have to meet both chmnical snd 
physical s))ecilieations. (.')) The cluinees (hilt hike 
jilace in remeltino the iron, (h) The intluence of the 
several elements, silicon, etc., on (he metal 

As idi'eady stated, the fractui-e is the most common 
e'liide in selecting or oi adino the iron, and, where a 
man is eon.st.intlv usiim iron from one or more and 

*• p . . 

the same sources, thi;! is a very oooil <'riterion of the 
propei’ties, and excellent results are ohtiiined. Owinj;;, 
bowel<‘r, to .sewral caitses , such as irregular working 
of the hktst furnace, fast driving, the I'ate of eoolino, 
the experience and judonient of the man oiadine-— 
there is freipiently very little co.iiiection between the 
fracture and the jiroperties of the iion, and an'iron 
which to all appearances,is soft, is in reality hard, 
and t’ii-c ccfVK. Si'lcctinj; by fracturi’ is, therefore, 
frequently the cause of unsjitisfjictory castiiies, and 
the founder wonders why, as jireviously with the 
same make, of irou and the same mixture* he has 
obtained ijood results. Although selection or grading 
by analysis (which to all iiitmits is grading by the 
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jjilicon content) is on the wliole move satisfactovy, it 
must bo borne in iriiiul tliat it is not a panacea ibr all 
the ills, as unless used with int('lli<i;cncc coupled with 
a tliorougli practical knowledi^e, the results obtained 
may be, and I’reijuently are, unsatisfactory. No 
doubt the lack of practical kinwledge is one of tin! 
reasons wdiy the chemist is looked upon by the 
foundry man with more or less distrust, and a 
ncce.ssary evil, and his duti<‘s regulated to that of an 
analyst only, whose sole work consists in sccinj' that 
the several mateiials cnteT’ing the foundry ar(i up to 
the usual standard, It is essential that the foundry 
chtvnist be not only a competent analyst hut also a 
practical metalinrgi.st, to be of any I’l'al \alue and 
help to the iron founder. 

For various ri'asous—(I) Differences in grading; 
whiit in one district may be classed as a .\o. 2 iron 
may in anolher Ix' graded as a No. I. (2) 1 hU'erema'S 
in opinioji as what iron or mixture of iron is most 
suitable for thi‘ various lypes ,of castings. Ahno.st 
every founder has his own ideas as regards this, and 
his own particular mixture, (d) 'I’he irim obtainable 
in one district being ditlerent to that of another,— 
no formuhe can be givcni for iron or nii.xture.s suitable 
for the \arious types of castings which can be applic¬ 
able in .all case.s. 

'riie followipg are some uiixtures, and the purposes 
for which they are used :— 


Kly U'hrcl. 

No. 1. Hematite . 20 
No. 4. ' „ . no „ 


IVcfisuro Cylindt-r. 


No. 1. 

lieumiile . 

2.5 

No. 4 


2.5 

No. 3. 

Cleveland 

2,5 

He rap 

. 

25 
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Steiim Piiic. 


. No. 1. 

No. 3. ( 'IcvcI.iimI 
Scr:i]i find ii'tnni.s 

Small lled-jilatf*. 

No. 1. Ik‘nultill^ 0* % 
No. 4. „ 2!) „ 

No. 3. Cleveland (io „ 


li(nv- I’rossuvk (’ylindor. 

No. ]. Hematite 13-] y 
No. 4. „ 27] 

No. 3. Cleveliind 27 „ 

.Scrap . . 27 „ 


20 % 
30 

no „ 


T’rdpi'lli*!'. 

No. 1. Hematite 14 % 
No. 4. „ . 341 

.Sei’iip . 40 „ 

Steel . .Ill,, 

Hij.h-l’n>Hsure CyliTulcr. 

No. 1. Hematite 24.', 
No. 4. „ 23]. ',. 

No. 3. Cleveland 23] „ 
.Scrap . . 20 „ 


Hif^h-l’Tessinc Vahi-s. .'to.* 

Stanton IV. 40 

(ifirtslierrie 111. . 20 

VVfirner, ( Ml.l!. TV. 01 
Koundry scrap . d-'U 


ITi'avy Marini! Cylhnln'-s.’ 

Stair. Cold lll.ist I. 10 
West Coast Hem. III. 20 

(loltness 111.. •. 20 

Cood enoiiK! scnip .'jO 







(\vlin(l('r^.“ 

(Mainn’.) 

C( tiHli-nsi’is.'' 
(Miumk*.) 

(M arnic), 

1*U1U|IS, 
and dtliHi' 




casting's. 

.Selected old or re- 

% 

.5<l % 

no % 

melted metal 


» 

.Scotch 

20 ,. 

to „ 


Cleveland, 3 C.M.B . 

.30 „ 

20 „ 

no „ 

Hematite . 


Hi ., 

. «_ 


> M' Williaiii and Loiigaiuir. 

* Daliyinple, Vleveland Imtitute of Engineers, 19(18, No. 5. 
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Strain Oylin(Iri>i, 

Columns and 


and Slidr VuIvoh ' 

Condrns^'s ^ 

* 

((!lydr disirirt). 

(Clyde dHtiirl). 

(lartsbcrrie No. 3 
Smamerlee 

Coltmjss „ 

■ ' I Hipial ])arts 

:r ... 

1 « 

j-Eijiial parts 


* Hv<liJiulio S|tur*wlit‘(']s, 

(l3iiti<l<'rs. I’ullcys.^ 

Nos. 3 and 4 Middles- ) a i ) 

broufjh brands j J ]i(|ual parts 

ColtiKiss Nos, I I a’ 3 I 


Louoinoiivo and dllicr 
('yliiidrrs 

* Culs 

Lilleshiill . r) 0 

Madel(‘y Wood, 
cold blast . 3 

(llazebi'ook, 

cold blast , 2 2 

I’liilip Williams, 

cold liKi.st 2 2 

Hematite 2 2 

(Jylimler sci-ap . 10 0 


rishm Rings. 

CwIh, 

Lillcsliall . . 4 

]\[atl<‘]ry Wo)k] . 4 



.Vnalysistil 
’ Dyiituno 

• Ciisliiig.- 

Analv'is ol SdI’I and Light 
Mar}iinei'\ ;indSl«i\e l‘|.ilr'," 

Silicon 

■ ;Mii ■' 

3'7r). 3 70, 3‘t).5, ti'OO 7 

Sulphur 

•OT.") „ 

Sulpbur, pbosjdioruH, 

I’lio.spboruK,. 

•3n 

tiinl iiKino-}in<‘SL‘ : 

Mane-Iincse . 


fairlv cnnstaiiL. 1 

tlraj)liitic tiarbon 

'2-3!) „ 


Coiidiined 

■D() ,, 


^PoUil • 

' 2 !l.'. „ 

;!-05, 3-2,5, ;i-50. 3-7.5 % 


Sharp, Modmi Foiiitdrn }*i<itiice. 
® WnsI, McUdhiniy of Cdst-lron. 
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AppriKri.mtde A'lialjisifi /oc (■hilled Ilolh- Miehn'e,' 


Diiim(‘ler of 

mh. 

Silicon. 


rims 

))l|OII|S. 

* Man- 

Total 

t'arlioii. 

IlK'llCS. 

8 t(t 10 

1-00 

•01 *06 

•20 (o - 81 ) 

•ir.i'oi f. 

% 

2*6 to 8-25 

12 to 14 

■8 





16 to 18 

•7 



• 


20 to 22 

•6 





21 to 26 







§ 12.-MIXING BY ANALYSES. 

Witli a kiiinvl(‘(lu(‘ of tlic eliiaiiical composition, and 
of the weights of tlie ditlorcnt iroii.s and tlic scrap 
that c;o to make up a mixture, it is jiossihlc l)y means 
of an arittnnetical calcnlation to lind the c(aaposi(.ion 
of the mixture, and also, if the elianees wliieli the 
metal .slitters in melting are known, of the resulting 
easting. 

1‘rohh'iii, ].—(liven the weights and the chemical 
composition of tlu^ ]ng-ii'on and scrap of which the 
mixture is made up. lind the, com])osition of the 
mixture, anil, .after allowing for t he changes in eom- 
po.sition in melting, of the resulting ca,sling. 

Hale. —Multi))ly each weight of jiig-iron and scra]i 
hy the percentage of each element it contains, and 
divide the sum of each hy the total weight of the 
mixture. The results are the percentages of the 
several elements in the mixture aud, after allowing 
for the changes duriijg melting, of the casting. 

As an example we will take a 10-cwt. mixture, 

' Vieal, Mdaltimjy (if Casl-Irim. 
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iiiado up of 7'33 cwfc.'j. of pig-iroii A, and ^67 ewts. 
of pig-iron I!, considi'riiig the silicon only.* The 
analy.ses of th<' pig-irons are as follow:— 



Silicon 

Sulphur. 

« 

IMiosplioi u^. 

Muiigaitcsc. 

A . ! 

% 

2T)0 

% 

■05 

% 

•70 

% 

•50 

H . 

1-7.5 

« 

■08 

•73 

• 4.0 


Percentage weight of sili- \ ^ ^ . 2 . 5 ,) 

con in A ])ig-iron . ) 

Pei'centae-o wciirht of sili- ) 

. . 7 =2-()( X1-/0 

con in I! pig-iron . ) 

Total . 


= 18':?2 ewts. 
= 4-(i7 „ 

22-i)!) 7 


'I’hen perci'iitagc of silicon in niixfnrc - 

-=2'2h!) ]jcr cent., say 2'.'i0 ]icr cent. 

'The I 0 .SS of silicon in niclljng wa.s found to he 
■30 per cent., and the calculated silicon in the resulting 
ca.sting would, therefore, be 2-3(»-■3() = 2'0() ]ier cent. 

The otliei- elements arc calcnlaU'd in the same way, 
and the following .shows how the mixture .should he 
talmlaled and the calculated comjio.sition obtained :— 





1 



- 

— 

— 

Iron. 

Cwts.' 

__ 

Si. 

- 1 

%' 

cwts 

I‘. 

% 

V. 

tnvts. 

Mn 

.. 

% 

Mil. 

cwls. 

% 

f* * 

7 - 3:3 


18-31* -or. 

•300 

70 

5-T3 

■r.o 

3 06 

B . : 

‘J 07 

♦ 

] 75 

•1-67 1 *08 

; 


•73 

1 -05 

*40 

l’C6 


Total lO'OO cwts. 'jo-iig -579 7 08 4-7;! 
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Tlio abovt' in Uk; cwIb. por Beni, oi each of tin; 
eleiiictit.s in tbe niixiun^, but as tbe cbaree is 10 ewts., 
tbe cwis. per cent, of <‘aeh element divided by 10 will 
<i;ivo the calculated eonipo.sition of the mixture, and 
the mixture will contain 

Silicon .... 2-:}0 per cent. 

Sulphur . . . •0.')8 „ 

Pho.s]>horns . . ’708 „ „ 

Manyane.se . . . '472 

Pr(‘viou.s practice .showed that in meltinj; in the cn])ola 
the metal lost ’dO per cent of silicon, the sulphur 
was increased by 0'02.S per cent., tbe pbo.sphoj-us 
remained practically the .same, and tlu' manyanesc 
was decreased by '20 p<'r cent, llased on tbese liaiiri's 
the calculated composition of the re.snitiug ca.sting 
would be:— 

OiiliiuliUod (^tnipositioii. . •' 
lioi'i.rr Altf'i iiipllin*;. 

Silicon % . 2;!0 2:i0 --ilO t2-00 % 

Suli.bur ,. . * -ObS •0.')S + -02S= 'OHli ., 

Phosphorus „ . '708 "708 „ 

Manganese „ . '472 -472 —'20 = '272 „ 

ProWem, 2. -Assume that, the exact rever.se of Ko. 1 
is required, viz. that the amdysis of the pig-iron is 
given, and a e.asting of a speeitied composition is 
reipiired. The pig-iron A and I! are ^ise<l, and the 
silicon in the finished ea.sting is to be 2-00 ]ier cent. 
To tins must be added tbe silicon lost in melting, \ iz. 
•tit) per cenC so that 2 :)0 is the silicon to be aimed at 
in the mixture. 

On studying the. analy.ses of the pig-iruns, in regard 
to their relative positions to the amount of silicon 
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.required in the mixture, wo find that A iron is 2'.50 
— ] -7.5 = '75 liigher in silieon tlian B iron, and 48 iron 
is 2'8()—1-7.5 = •,')") lower in silieon than that nMjuired 
in the mixture. From this it will bo seen that, the 
weight of A iron multij)liod by its height in .silicon 
above iron B must e(]ual theVveight of the mixture' 
mnltipliejl by its height in silicon alxive the iron B. 
Thus in a 10-ewt. mixture; 


Weight of the A iron x •7.5 = 10 cwts. x '55 
•7.5 = ry5 

5'5 

•and woiglit of A iron in 10-cwt. mi.xture = 7'.‘{3 
^ ® ‘7.5 

cwts. 

Weight of B iron =10 00 — 7-33= 1-07 cwts. 


On cbeeUiiig this eh.-irge as in ja-oblem 1, it will 
bo found that tlie silicon comes to 2-.30 per cent, in 
till' mixture. 

PrahU’iii .3.—Using 20 per cent, sca-ap, containing 
2 00 j)er cent, silicon, .-ind tli“ .same pig-iron as in 
the previous exanqilcs, find tin; weights of A and 
B rc.spcctivciy rc<|uired in a 10-cwt. mixture to give 
2-30 per cent, silicon in the mixture. 

10 cwts. at 2 30 per c,(!nt. silicon will rci|nire 10 x 
2-33 = 23 cwts. per cent, of silicon in tin; mixture, but 
2 cwts. of scraji at 2-00 per cent, silicon will furnish 
4 cwts. of silicon to the cba<-gc, leaving 23 —4 = 10 cwts. 
silicon to be added by tin; pig-irons. This equals .an 


r 10 

average ol - 


= 2-37 silicon. 


Iron* A is '75 higher in silicon'than iron B, and iron 
B is 2-37— I.-7.5 —-02 lower in silicon than th»; average, 
viz. 2 - 37 , silicon to be aimed at. 
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Then weight of A iron x '75= 8 cvvts. x -hS 

■7r)-4y() 

and wciglit of A iron 1**.’— 0 (i I owIn. 

ii) 


Weight of t! iron--800 —()•()] |•;!0 cuds. 


The cliarge would, tliercfore, he inaili' uj) of:— 


Scrap 
A iron 
J! iron 


2 cuts 

(i(y „ 
100 


JO-00 cu ts. 


S 13.—FOUNDRY TOOLS. 

ddic tools rc(pin'<*d lor nutiddiitg (.snnprisc : 

Moulding Boxes or Flasks (tigs. I:! .-ind 11) arc 
es.scntially Iraincs toi‘ holding l.lic sand in uhieh the 
casting is moulded, and arc made cither of wood or 
cast iron, itrcferahly the latter. The .sim]ile.st. form of 
moulding hox consist.^ of a liolhan jiartoi- drag as it 
is t<‘rmed, and a top part or cojic, the latter with or 
without cro.ss lairs, 'riiey vary considcrahly in .sliape— 
S(|uare, rectangular, or round—and size, according to 
the class oi work they are usial lor, and Ihior moulding 
boxes are of larger dimensions than those used for 
bench work. I he cross bai's of the cripc run from 
side to side set at a distance oi -I.,*, inches apart, and 
are of such a depth that the lower edges, which are 
tapered amUshaped to suit the coni,our or sectional 
.shape of the casting, do not come to within (^nc inch 
of the jiattern hcing'inonlded. 'I'hcy may be cast as 
part and parcel of the cope, or groove,s*or slides cast 
in the sidi's of the Hask into which the cross bars 
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.slide : in tliis case tlie bars may bo wood. Wltcn in 
use removable _ cross bars are bold in position by 
mean.s of wedijes or bolts Where the moulri is equally 
di\'idcd between the eo])e and the draj;, or both arc 
turned over or lifted, the ero.s.s bars of the drag are 
similar to those of the cope ; in other cases they are 
])lace(l flatwise. .Small boxes and Imxes without cross 
bars are groo\ed lengthwise in tlu! sidi^s j)arallel to 
the parting to help bold the sand. 



In order that the to]) ]).art of the flask maj^ lie evenly 
on the bottom jiart, the faces are ])laTie,d and levelled, 
and to maintain the jj.arts in !i ndative position one 
part, usually the dr.ag, is provided with projecting 
pins, which correspond with guiding boles, slots, or 
grooves in the cope to paas over the j.ins. (In floor 
moulding fi-eiiuently the cope has only projecting 
lugs agaiihst which sttdtes are diiven to bold it in 
position.) Kor this jnirpose })lain lugs, two, three, or 
more, .are c.ast on the .sides of the flasks about | inch 
below the level of the joint or parting—that is the line 
of contact between the cope and drag—one set being 
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drilled lo take tlic pin, and the otlicr with holes ta 
pass oter the pins. The style of pin ^m]>ioycd varies, 
being in some instances simply lengths of rod iron 
riveted into the lug of the drag. A more satisfactory 
method of fixing the pin is to reduce and tap the 
end to take a nut. 1ft others a slot is cut through 
the guiding pin tlirough which wedged-shapjrd cotters 
are passed. Hinged pins with cotter holes and screwed 
ends are also used. 

For lifting and turning jnirjio.ses, the flasks are 



provided with handles, which may he either of the 
lype, fig. 14, forming part and parcel of the llasks, o)' 
of wrought ii-on bent to shajie, cast into the sides of 
the flasks, with bosses for .strengthening. Witli large 
boxes, swivels or trunions with collar ends are cast in 
the middle of the ends of the boxes, or mid parts. 

Middle parts are fiaine* interpo.sed .between the 
cope and drag u.scsi to inei-ease the depth. Tiny are 
not provided with bars. 

Snap Masks are moulding he,xes hinged at one corner, 
and a locking arrangement ;it the corner diagonally 
opposite. When the nioidd is conii>lcte and previous 
to casting, the frame is removed. 

(> 
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’ Sometimes the boxe.s arc hinged, and the top part 
(cope) instead of l)eing lifted off, is turned up to allow 
of the withdrawal of the pattern and the finishing of 
the mould. 

Turning-over Board is a board of the same outside 
dime.n8ion.s as the bottom j)art of the moulding box 
being used. In making the mould the liottom part of 
the moulding hox is placed upon it. 

Bottom Board is similar to a turning-over hoard, 
and is used to prevent the sand falling out in turning 
over a mould. 

Vent Rods. —'fhosc vary in size from the thick- 
ne.ss of a knitting needle up, and are used for forming 
pas.sages in the .sand to allow of the e.se.ijje of the air 
and gases generated on pouring a mould. 

Sleekers are employed foi' smoothing over the 
surfaeeof the sand and sleeking on hlaeking, in places 
not within reach of the trowel or eleaner. There are 
sevei'al varieties used for dilfejent cla.sses of work 
(lig. 15). , . 

Trowels (lig. Hi) are the moulder's ino.st indisjieiis- 
able t(X)l.s. The handles are of hall form, and of wood. 

Gaggers or lifters are used for su])porting or 
strengthening the sand when the eross bars are in¬ 
sufficient tor the purpose, and for tying sand together. 
'I’hey vary in size, and are made by bending an iron 
rod at an ai'gle, .so that one end will rest on the cross, 
bars of the hox, and tin; other carry the sand. 

Gate Cutters and Gate Knives are shown in 

lig. 17, J and B respectivtdy. 

Runner Pegs are cylindrical, tapered pieces (d’ 
wood, varying in size,-and are used for making the 
runner (fig. 18). 
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H3 



15.—Sl»*ek(‘rs. 



Fii.. 1G.--Tr»)\v»-Is Fn.. 17. —(luir ruttcrs 

aii'l j'ato knivc.s. 



Fjcj. 18.—Ruiiijur Fuj. li‘.—(’InaiKis. 
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Cleaners, of whicli li^. 19 is a type. I'liey have 
Olio end tiinied up, the otlier being a long, flat .strij), 
till' broad .side of which is at riglit angle.s with the 
back edge of the turned-iip end. 

Rammers. —'J'he rammers used in boncli, floor, 
and pit moulding respectivoly only difler in poiirt 
of size. ^ A floor pegging rammer u.sed for the pre¬ 
liminary ramming is shown in A, fig. 20. The head 
is of iron, and of wedge shape, tapering from 1 inch 



Fill. ’JO. — Kaiiiiiicrs. 


in width at the top to ] inch at the bottom. J{ is a 
flat rammer us(‘d for the lin.il ramming, the head of 
which is flat, and 21 inches diiuneter, and 1 inch 
thick, a is a combimsl jicgging and flat rammer 
made of wood used in Ixejch work. 

Chaplets. —Ihiless beddisl in the mould a core 
reiiuires a support to kec]) it in position during 
casting, and tor this purpose chapleis, studs, and 
nails are u.sed (fig. 21). Stud chaplets are chiefly 
used in bra^s moulding. 

Chaplets arc of varying shapes and sizes, and aie 
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made from sla'cts of sheet iron, eoj>per. or brass 
i ivete(l\oj;ether by a. pin or |)ins, tlie (listaiKS' l>etw(M'n 
tin* two sheets Immiij,; varied aecordine; to the (liiekiiess 
of metal rec|uired between tlie eore and (be mould. 
For luaivy work chajdiAs of e.ist or malleable iron are 
employed. Bel'on' bein" u.sed iron ehaplets should be 
tinned, oi' luaited to 7'eduess, and allowed* to cO(j 1 
slowly. Pipe ehaplets are circular discs of sheet iron 
with a loni; stem, the end of which is (♦ither pointcsl 
or blunt. Gh;i])lets are weighted or wedi;e<l to kee]) 
them in position. 'I’he use of chaplets should be 



c, 


Flo. 21. —Cliajiltils 



/ 

/' 

S 



Fkj ofstipiHirtin" 

a ctin* by means ol a nail. 


avoided as far as piwsflihn as they tend to weaken 
a casting, and when used the number .should be 
Jimited, only what is absolutely necessary beino- 
employed. 

'I’he nails u.sed have large Hat heads and, like iron 
chaplets, are tinned ]>revious to u.se. 'I’hey are 
employed in iron and steel ca.sting, and for obtaining 
the re(|uired thickness in pipes. In bromfe and bra.ss 
work, copper nails are used. Fig. 22 illustrates how 
a core may be supported by means of a nail in a light 
•rreen sand mould. JV is the nail, which is futther 
sujiported by the two sprigs (S', (S'. 

Draw Spikes, Lifting Screws, ai-e used for 
drawing a pattern from the mould. 'I'hcre are 




86 


NOTES (iN FOtlNIlEY FKACTICE. 


'several vari(!ties; some have sharp ]K>inis, and are 
used for wooden patterns; others a thread'wliicli 
screws into a tapped hoh' in a nnital jiattern, or a 
tapped ])lat(^ on a wooden pattern. 

On liftino tlii> top j)art of a inouldiiif; box the 
suction of the sand is usually sufficient to bring 
away the top half of a light wooden pattern with it. 
'I’his, howcvci-, is not the (%'iHC with ifletal patterns, 
and they an^ therefore, drilh'd and tapped, and a 
lifting .screw is inserted having an eye whicli jn'ojeets 
through the top ])art of the box. After i-aniiuing 
th(! top part, an iron bar is passed through the eye 
and wedged on the .sides of the box, and thus on 
lifting the top paii it hrings away the pattern with it. 

In addition to the foregoing, .sho\'ols, riddles, spirit- 
levels, straight-edges, eaniel-hair and other brushes, 
etc., are re(|uired, 

14.-- MOU^sDING. 

Moulding is an art that recpiires the exercise of 
considerable .skill and judgiuent, and proficiency as, 
a moulder can only be attiiined by actiial jiractieal 
expei-ienee. It consists of ))roducing, in the least 
po.ssible time and with a minimum of co.st, a mould 
which .shall give a casting of the de.sired form, and 
free froTii blowholes, shrinkage cracks, and other 
defects. 

Moulding may be rouglily divided into two clas.ses, 

.... 

(I) Green and dry sand moulding, in which a 
pattern of *the shape and form of the finished ai ticle 
is employed. 
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{'!) Loam moulding, in which tlic ordinary ])aUcrn(> 
arc usually dispensed with, and tlic mould hnilt up of 
brickwork (iroti lie bars being used to .strengtbon it 
if re<]uired), which is ct)vcred with loam, and the 
surface carefully shaped to the re(pn’red form. 

' The making of a mofUld consists of sex oral ojiera- 
tions, any one of which ma^’ make or mar tip' success 
of a mould. 

Preparing the Sand. —Lefore us(j tlu' sand is 
sieved, and tlu' following is tlie mesh of |he sieves 
used for the several varieties of sand 

Sami. Mesli of Sn-t (* 

Floor ..... .t inch. 

Facings (heavy work) . 1 

(light work) . . i ., 

Parting .... „ 

Facing sand is siex'ed. eoal-du.st is added, and the 
two thoroughly incorporated by turning the mass 
over from top to . 
bottom. The mass 
is tlien moisteni'd 
with watei’, and 
well ' trodden' 
with the fe(d. 

Gates are pass- 
ag('s made in the 
sand by means of 
which the lii|uid 
irxni enters the 
mould, and they are made up of three parts^ (Da 
large bowl-shaped depVession termed the pouring l)asin 
(A, tig. 23) made in the top of the Ihisl* or co[)e, and 
80 situated as to admit the iron to all parts of the 


'/I 

/ 
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at as iieai l}' as possible tlie same time. It is 
shaped bj' band, and at tlic entrance to the vnnner 
(/)’) a low dam is niade ; (ila runner or .sprue (/>’); (3) 
a ;;ate (T). the .si>ctiona.l area of wbicli i.s eomstricted 
at I). 

Pouring Head. —'J'o obtain a sullicient bead of 
metal, a!\ vvben the beigbt of the sand in the top 
(lask or eope above the jiattern is small, it is neees.sary 
to em|)loy a pouring bead, which eon.sists of a .small 
frame blled with sand in wbieb the pouring basin 
and runnel' are shaped. 'I'lie pouring bead is placed 
on the top flask, so that the runner is directly over 
the runner of the eope. 

Skimming Gates, as the name implies, are em¬ 
ployed for the purpose of removing the dirt wbieb 
invariably accompanies the liipiid metal so that only 
clean iron enters the mould, thus ensuring clean and 
solid ca.stings. 'I'lie jirinciples on which they are 
based are either specific grar ity yr centrifugal force. 
If based on the former jirincijJe. the pouring gate is 
made of a larger area: if on the centrifugal principle, 
a ehamber is formed between the mould and the 
pouring gate, to both of which it is connected by 
iiK'ans of small passages or .sprues. 

Feeding Gates or Heads.— As already stated, 
molten iron on solidifying contracts or shrinks. 'I'o 
meet the contraction arising from the chilling of the 
metal during pouring and solidification, whether great 
or .small, fre.sh supplies of li(|uid metal are made until 
the easting is solid. 'Phis in small castings is effeeted 
througfi tile gates and risers, tint in large castings 
a feeding head (fig. 24) i.s necessary. It i,s best placed 
over the lieavy part of the casting, and to allow of 
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its being easilj^ rcinovccl it is constricted iit tlie point oS 
connc(*tiou with tlic casting. 'I'o kc(;p open tlic con- 
tfacted orifice between tin' feeder 
and easting, a wire rod (feeding 
rod) is worth'd up and down with 
a cliurning action. (iaVe must bo 
taken to avoid contact witli tlie 
mould, and touching tin; sides of 
the passage. Fresli metal is added 
from time to time .as re(|nire(l. 

'file size of a fei'der varies with 
that of the casting. Heavy and 
solid cylindrical casting.s are fed by c.arrying fflie 
mould 2 to 8 inches higher than the ]iattern. 

Risers, also termed whistlers,’' an: made similar l.o 


c 




L 


Km. 24. 

licatl ; 7», n»(l; 



Fk;. 25. —li, Uisoi. 


the runner of a gate, .and serve a.s- (I) a vent; (2) 
skimming gate; and (8), in small castings, a feeding 
gate, 'fhey .are made in the same way a.s a runner, 
lending through the Cope to the top of the casting. 
One or more are, used, and they are jilaeed over the 
part or parts where a clean surface is reipiirerl. 
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t 'I'hi' objc'ct of gating being the tilling of the mould 
a.s rapidly as p()s.sible with clean metal and witli the 
least .amount of disturbance, tbe si/o, Hha])e, and 
po.sition of these channels are of imjKirtauce, They 
.should be large enough to allow the metal to till all 
parts of the mould without tlfe metal being chilled,' 
and of a wide and narrow section. Placed where the 
runners or .sjirues are (arsily broken olf; on the 
he.avie.st part i^f tbe ca.sting—the bub of a vvhe<d for 
instance ; and when' tic natural flow of the metal 
will allow of the mould being tilled rapidly. The, 
area of tbe runner should be le.ss than that of the 
gatt', while a runner feeding a S(u-ies of runners 
should have a larger capacity than the nuiners theni- 
selvc.s. lliinners should not be placed near parts that 
have to be machined. With a rectangular easting 
the runner is placed in the centre, and gates made in 
several places along its length. So also with long 
cylindriffil castings, the gates being jilaeed .so that 
the metal enters the mouljl at the centre line. A 
pouring basin may have two or more runners leading 
from it to the mould. In casting the runner is elo.sed 
with a stopper or cover until the jiouring basin is 
filled, and frecpicntly a small channel is cut leading 
from the pouring ba.sin to the runnm- under the 
stopper, with the object of allowing the metal entering 
the mould totform a cushiA’u. 

Moulds are toj), side, or bottom gated. The first- 
named has the advantage that it is readily made, and 
the metal in falling upon that already in the mould 
keeps its surfaee agitated and* hot, thu.s preventing 
dirt or loose •jii(«cs of blacking from adhering to the 
aides of the mould, and reducing the tendency to the 
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entrapping of gases, and causing cold shorts. Tliey 
are S(f placed that the metal I'alls vertically to the 
bottom without striking the sides of the mould. Sid(! 
and bottom gates are st) arrangeil that the metal has 
a clear straight run without striking the opjiosite 
side of the mould, ahd where the metal has the 
longest I’un. They tend to chill the metaj, and for 
this reason hotter or more fluid metal should be used 
t.han with top ]>ouring. , 

Ramming. —'I'o enable it to adhere in the Hash, 
to withstand the How of the metal, and to retain the 
form of the pattern, the sand is rammed, and the 
degree of the hardness of the ramming is governed 
by: (11 the si/.e and the condition of the .sand. (2) 
the size and weight of the casting: and (t!) the size of 
the mould. The ramming must be hard enough to 
compress the sand into a compa-et mass sutlicieiitly 
dense to I'ctain the form of the jiattern, to resist the 
pressure of the metal ami swelling of th'< casting. 
Too hard ramming • giyes ri.se to blowholes and 
spongy castings, and frc(|uently the pattern cannot 
be removed without damaging the mould. Metal 
will not lie “kindly" on a hard, non-porous bed of 
sand. Loo.se ramming, on ;!ie other hand, may give 
risfe to: (1) castings of scabby and uneven surlaces, 
caused by the sand being washed a way from the face 
of the mould by the HoW of the metal . (2) swelled 
castings. This is brought about by the sand either 
sinking unjler the weight of the metal, or being 
forced or bulged out by the pressure. 

As it is the bottoni part of the mould that has to 
bear the weight of the metal, it is rammed harder 
than the top part, and the places where the parts of 
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t)iR tnim1(l sejjavaU' must bo liard rammed to enable 
tliom to witbstaml tbo oonstant bandliiiif. In raiftming 
tile best results are obtained by 1 - 11111111111 ^ thin layers 
of about T) iiiebes at a time. 

Venting.—To allow of tbe (-.scajK- of the air and 
gases, generated by tbe liquid iron coming in contact 
with the iiiaterials of tbe mould, passages called vents 
are made in the moulds by means of venting wires or 
rods. The pro|n‘r venting of a mould i.s of considerable 
importance, and the botUmi of a mould requires con- 
.siderable venting, .so also does new' sand, and still 
more so sand mixed with coal. Tast pouring, and 
also cold (chilled) iron, necessitate much venting. In 
venting the vent ivire should not touch the pattern. 
For light castings the sides of the mould need not be 
vented, but in heavy work the sides require venting, 
dross channels arc made in the bottom surface of the 
lower jiarl. of a drag txi allow of the escape of the 
gases between it and the bottom board. In eiesting, 
l.he gases escaping from thp vents should be lit as 
soon as possible. 

Cores. —A con- is a body of sand, mixed with an 
extra binder, moulded to the re(|uired shape, and 
placed in a. mould so as to cut out a portion of tbe 
metal not required, or to form the internal shajie of 
tbe casting. 'I'hey are elassilied as green-sand, dry- 
sand, loam, ami chill cores, .Aiccording to the material 
of which they are made. They vary con.siderably in 
■size and sha])C, according to the class ol^ work, and 
mat’ lie long and proportionately small in diameter, 
or winthng, or otherwise intricate. 'I’lie making of 
cores is very similar to that of moulds, in that boxes 
or flasks are re(|uircd, and like them they must be 
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capable of rcsi.stiiig the, wasliiiiir action of the ineta^, 
allow*of the free escii,|>e of the j^iist-.s. and reijni 'c 
venting. (For ojdindrical core.s, tubes of the internal 
diameter required in the con' iiiav he used.) Evan.s’ 
patent core-boxes are .shown in lig. 2(i. 

' Small straight cores lieed no sn])|)ort, hut long cores 
require to he strengthened, and i'oi- the ]mr|)osc iron 
wires or ro<ls (tenuecl "core-irons") arc employed, 
which are either .straight or hcnti according to the 
contour of the core. They are bedded in one half of 



Kui. lifi. — ftvalff.’ paLi'iit coii'-l»o\es, 

the core throughout its entire length. The core-irons 
must be free from spring, barge coi'cs may re(|uirc 
.several irons, and larger om are sn])portiMl by means 
(if grids. 

Practically all cores are dtmal previous to use, and 
are afterwards coated with hl.acking. , 

Straight cores of small diameter are best venl(sl by 
jdacing along side the strengthening wire and parallel 
with it a vent wire, which is withdrawn before 
opening the core-hoxi A slightly curved core may hi' 
vented by a piece of string, and an elbow coj'e by two 
pieces of string laid so that theii' ends slightly overlap 
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the bent portion. Elbow cores of large dimensions 
are vented by making, along side of the strengthening 
wire, a channel which i.s loosely filled with small coke, 
about the size of a pea and free from dust, ashes, or 
cinders (this is known as an “ash vent”). For very 
weak cores a .special wax cord is used. The wax 
being of a low melting point, on drying the core it 
melts readily, and the liquefied wax is absorbed by 
th(! adjiiceut sajud, leaving a clear channel. In venting 
the aim is to establi.sh free communication with the 
air a( the points where tin; coi'c is connected with the 
mould, and that the gases .shall'be .able to move more 
fraely towards the vents than in any other direction. 

(;or<'s are also made by the procc.sses of “ sweeping” 
or “.strickling" (sec |). 9X). 

Long cylindrical cores, such as u.sed in the production 
of cast-iron gas and water pipes, are. made by winding 
hay ropes or bands round a tube (termeil “core- 
barrels ’ j.))- “ bars ”) with holes drijled in it at intervals. 
('I'he holes act as vents.) On (Jie surface wet loam is 
spread, which is rubbed well into the interstices of 
the rope, more lo.am put on, and the core strickled (o 
the required diameter while being revolved. 

In some ctises a. pattern is of such a shape that it 
will itself foi'ni a ecjre, us, for instance, a gland, and 
such a COI'C is termed a “ gn^en-sand core.” 

What in light work is termed a “ false core,” and in 
heavy work a " drawback, is a part of a mould wdiich 
is made movable to allow of its being drawn away 
horizontally from tlu! pattern. Such a mould is used 
with a'solid pattei-n having no*core prints, but pro¬ 
jecting p(jrti«ns on the side faces below the Joint line 
—ornamental woi'k for example. 
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Dryinj^ Htoves for cores vary considcralily in size, 
and f<»i- liciivy cores are similar to tliose for dryi"ff 
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placed in the bottom. Tlie stove is divided into 
several compartments by a series of perforated shelves, 
each of which ih provided with a door, so that access 
to any one compartment can be made without cooling 
the othoi's. 

l^ig. 27 illustrates an independent drying oven foi 
small cores. 

Stopping off, and extending.— It sometimes 
happcms that a casting has to be made of leas 
dimensions than tin; pattern available, and in such a 
case what is termed “ stopping off” is resorted to. As 
* a .simple e.vamplc of sto])ping off, a phite is r(M|nired 
sepne few inches shorter than a stock pattern. A 
mould is first of all made from the pattern, the 
paft(!rn withdrawn, and then a .stopping-off pii^e (a 
straight-edge will in this case answer the purpose) is 
placed in the mould at the re(|uired di.staiice, and the 
intervening space filled with sand, .and the stopping- 
oH'piece removed. In stopping p)tf a .shaja^d mould, 
strips of lead bent to the contpur of the ])attern are 
used, 

A mould may be e.vtended or lengthened by the 
reverse operation, that is by attaching a piece or 
pieces of wood, or strij)s of lead bent to shape to the 
patter'll previous to moulding, 

§ 15.a-OPEN SAND MOULDING. 

Jloulding boxes or flasks are not used in open sand 
moulding. The ujiper surface of a casting made in 
jwi opftn sand mould is rough, a<id it is, therefore, only 
used when yne rough surface is immaterial, such as 
lloor-plates and boxes. Patterns may or may not be 
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used, and if tlio 3 ’ are, arc ah\n_vs made of 

{jrcatc? tliiclsncss than that icipiircd in the castin,,. 
When no pattern is used tlic niouhi is made u]) to size 
by means of straijflit-cd^cK and templets. 

In inouldiTio a plate in o))en sand fioin a pattern, 
the saaid on the foinulr\‘ tlooi’ is iln^ owv, and riddled 
ov'er tin: floor to the dej)th of seveial inehe„s- I’laee 
the pattern on this hea]i of sand, and lied down until 
the sand underneath the jiattern is nnifijrndy <‘omiiaet, 
and a spirit-level ]ilaeed on the \ipper surface of the 
pattern shows it to he perfectlv lend. When tins is 



» '» 

attained, weight the jiatteiai down, and hnild n|i or 
tiiek sand around the edges. Sti ike off the samI level 
with the to]) of the pattern with a straight-e(lge, and 
at one. side make a, small ha.sii, oi |•unn<'r, the liottom 
of whie.h should be just k" ■ I with the toji of the 
pattern. On the sid<‘ o]i]posite to the runner, cut an 
overilow ehanmd of sueh a dejith ihal when (he metal 
overflows, the mould will g<\e the i'ei|nived ihiekne.ss 
of metal in the easting. On withdrawing the pattern 
the mould is read^' for |)ouring In ojien sand work 
the he(l is .sehlom vented, mdess the casting is a thick 
or dee|) one. 

To do awa_y with the necessity of lyN idling for each 
mould, as is the case with the foregoing method of 

7 
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lUiouldiiig, it is usual when more than one casting is 
rc(|uire(l to strike a level bed, the surface of* which 
will form the bottom of the mould. To make this 
bed, take two straight-edges, and place them parallel 
to one another at a distance apart to form its out¬ 
side boundaries. The .straight-edges must bo mndV‘ 
perfectly lex el in the direction of their lengths, and 
also level with («ich other, (The last named is a.scer- 
tained by pli^cing a third straight-edge acro.ss them 
and placing a spirit-level in the centre of it.) 11am 
the two .straight-edges in place, and till the .sj)ace 
between them with riddled .sand. Lightly ram the 
smkI, and continue the addition of the sand, ramming 
with liiich addition, until it reaches a little above the 
level of the two straight-edges. Strike or strickle 
off tlic sand level with the tops of the two .straight¬ 
edges by drawing a straighi -edge across them. ()n 
this bed place the pattei'n face downwards, and build 
up .saiYl around-its edges. J'Uke a small pouring 
basin, and cut an overilonycliannel. 

Sweeping. —In sweep work a mould is shaped by 
a Ixjard (termed a “ sweep ”), cut to the r(M|uired sliajie, 
arranged to revolve around a vertical spindle working 
in a eenl.i'al .socket, placed .some distance below the 
face of the mould bed. 

Strickling. Tn strickling, a mould is made up to 
the recjuircd shape by Kieans of a board (called a' 
“ strickle ’), which is di’awn across guides. A strickle 
may be either a straiglit-edge or a lioard cut to the 
re(|uired shape. 

'I'lie inakingof a level bod i.s'pr.acticall}-an e.'ianipio 
of strickling; the two stiuight-edges being the guides, 
the third one the strickle. 
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^IG.—GREEN SAND MOULDING. 

In <;reon sand niouldini; tlic iiionld is not drio<l, or 
otherwise Jtrepared, ytrevious to tlii‘ inelal lieinj; juairiMl 
into it. (letKirally in ijreen sand iiioiddinj; closed 
liioulds are employed, ai’d two metlioils are followed— 
(]) in wliicli the pattern is turned over, aixl ('2) in 
whicli tlie pattern is hedded-iii For the hest work, 
and also in mneh repetition work, the lirst method is 
used, as, lijenerally .sjieakinj;. thei'e is le.ss risk of 
une(jual ramming and its attendant evils, .and of tlm 
casting becoming distorted and strained than when 
bedding-in is followed. Further, the eonslrnetion bf 
tlic mould napiires less skill. 

Turning over. -- .As a simjde evample of immlding, 
a. casting having lliit sides ami no re-enlei ing .angles 
is required. Place the jiattern f.aee downwards on 
a turning-over board, and ovaa' it ])l.‘iee tlm bottom 
part of a moulding* box or Mask- drag— wth the 
sockets down. Over the 4 )attei ii sprinkle a layer of 
a mixture of coal-dust .and Moor sand to .a de])th of 
about 2 inch, .and fill the box with riddhal Moor sand, 
and lightly ram. Strike oi strickle, off with a 
.straight-edge the sand level vith the (alg<'S of the 
box, and .sprinkle on a layer of sand, and bed on a 
bottom board by moving it hackw.aids and forvvard.s 
until it rests level on the efiges of the ntouldiiig Ihix. 
Remove the bottom hoard, make channels in the 
sand, and vcjit the mould well with a vent wire. 
Replace the bottom board in jiosition and t.nn^ over 
the whole by gripping the two hoards togethei'. Re¬ 
move the turning-o\ er board, sleek Uie ,?and around 
the pattern, blow oil' any loose sand with a bellows. 
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• and sprinkle over the surface a little parting .sand. 
Jllow ott the surplus, and dust a little parting sand 
over tlic joint (the place where the mould parts). 
Idace the to]) half of the moulding box (cope) in })o.si- 
tion, put a runner j)eg in the widest part of the joint, 
fidd s!ind, ram, and eontinue the addition of .sand and 
raimoing until the box is full. Strickle otl'the .sand 
level with the edges of box (or the cro.ss bars), and 
well vent witji a ismt wire. Itemove the runnel' }>eg, 
and widen the to]i of the runner so as to make a 
■small ha.sin. Kemove the cope, turn it over, and lay 
it on )i hoard. Dust over the face foouing the to]) 
)ff the casting wi(.h a little ])lun)l)ago or chai'coal, and 
blow ort' the e\ecK.s. In the sand in (he bottom box 
cut a gate so that it connects with the n)ould and the 
)’un))f'r. I.low otl any loose s.')))d. and slightly wet 
the joints I'ound the ])att(*r)i D)*ive a draw spike 
into the ])attei'r). nip it lightly, and ri'inoN'e the 
])atteri». Place the to]) box (cope) in ]>o,sition over the 
hottou) one, and eottei' weight it to keo]) it in 
])o.sition. 

In moulding !i jiattei')) which has tine detail work, 
sti'ong iaci))g sand is .sieved ovei' the ])attei'n, a))d* 
the box filled with sand, etc,, as hefoi'e To gii e to 
the easting a tine skin what is termed " printing ” is 
iollowed. 'I’his consists of dusting over th)' surface ' 
of the nionid, alter the •j.attern is withdrawn, with' 
plurnl.iigo, and replacing the pattern exactly in its 
former ])osi(io)), and ])ressing it dowr). 

A ))ii(tern made in two oi' niore ])art.s is held 
together h^’ ])in.s and .sockets (dow els), a)id in moulding 
fi'ou) a two»])art. pattern, one-half is laid on a turning- 
over hoard, and nioulded as before, and turned over. 
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Place tlie utliiT liali' (i! tlie ]>;Uli'ni in plm-e, and dns(. 
partitij:^.sand over the snil'ace ol' tlie inonid I’nt tin- 
top box ill position, in.sert ii runner ^iliie. and rain 
with sand. Remove the top liox, whieh slionld take 
the upper hall of tlie pattern with it eate, etc., as 
liel'ore. • 

A solid pattern, liavino no Hat surfaces, cannot be 
laid on a Hat hoard for tnrnine over, and such a 
pattern is moulded by tisinj; what is termed an "odd 
side ” or false top part. 

Place the top part of the box to be used on the 
floor, and till it with sand, and tread. After striek- 
lintr off the excess of sand with a straieht-ei i.lO'. 
cut out a rouwb outline of the jiattern. and bed in 
the pattern to its centre line, jiaekine the .sand well 
with the lingers Place the bottom part of the box 
in position, fill and ram with sand, eoltei or clamp 
the two parts toi;ether, and turn over. Lift off tin- 
top part, and knock^ out the sand. With a^trowel, 
joint (cut axvay) the saijd in the drae to the le\el of 
the exact centre line of the |iatt(-rn. make tin- 
parting, and place tin- top jiart of the box in position, 
•.set the runner plug, and ram up, etc. 

In rejieat work of the sane- eharacti-r, the moulder 
frei|Uently makes n.se of an odd side, made either of 
sand or jilaster of Paris. A sand odd side is used 
.when only a few castiiigs^-ire wanted, ^lut when a 
])ermanent one is re(|uired a plaster odd sidi- is made. 

To make a ereen .sand odd side, a to[) jiart is 
rammed up, \ln.- pattern sunk in to the, r(-i|uired 
depth, and the joint irai.de. A dry .sand odd .side is 
made in the, .same way. exccjit that afteg jointing it 
is black washed and dried. An oil odd side is made 
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by adding oius part of litliargc to twenty parts of 
nearly new dry sanil, tliorouglily mixing tlv; two, 
and adding suflici(!nt linseed oil to bi ing the mixture 
to the oonsistenc}' of a moulding .sand. After ram¬ 
ming up and jointing, an oil odd side is allowed to 
harden in tlie air for about twenty-four hours. • 

In making a plaster of Paris odd side, make a sand 
odd side, and after jointing, oil or grease the pattern, 
place a se(S)nd box part in position on the one con¬ 
taining the jointed pattern, and fill in the joints 
between the two with a slurry of black sand and 
water. Mix plaster of Paris with water to a con- 
sifteney of a thick cream, and pour it over the pattern 
until the box is full. When the plaster has hardened, 
turn over, lift off the sand odd side, and draw the 
])attern. Ilemovi! any sand adhering to the pla.ster 
mould, and coat the face with variiLsh, and dry. 

Moulding in three ])art boxes re(|uires the employ¬ 
ment of divided pattern.s, and in describing the 
pi'(M-,edui'e followed, the monkjing of a sheave wheel 
or grooved pulley is taken. 

The pattern is divided through the centre longi- 
tvidinally and the halves dowelled together. Bed the' 
lower half of the pattern on an odd .side, as described 
on p. 101, making the joint down to the outer edge 
of the rim of the pattei n, ram, and turn over. Place 
the to]) half^of the [)atteyn in position, and ])Ut the 
mid part on the boltom jsirt. Pill the mid ])art 
with riddled .sand, which tuck with the fingers well 
into the groove of the pattern until the edge of the 
sheavt is reached, and then "ram and joint. Place 
the top pajjt in position over the mid part, set a 
runner plug so that it is over the hub of the wheel, 
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ram and* witliilraw tlic i-uimor and niakr a 

basin., licmove the top pari,, and diaw tlu' n|ipei’ 
half of thf* pattorn; then lift oft’ t.lie'inid part , and 
draw the lower half of the pattern. l!e])lace the 
mid part and the to]) ])art. 

• Bedding-in. —In bediling-in the lower jsn t of the 
pattern Ls moulded in the sand of the foundry lloor 
instead of in !i di’ao , and the U])]))'!' part cifvered or 
enclosed in a cope , mid parts being useil as recpiired. 

'I’o bed-in, a bole deeper and wider than the iiattei ii 
is dug in the foundiy door, and filled with riddled 
sand, over whieh facing .sand is sieved. (The sides 
of the hole arc sloped so as to be wider at tlx- to)) 
than at the bottom.) On this bed the paiti'rn is laid, 
presscil and ge))tly hammered down until eompai’a- 
tively level atiil solid, when it is weighted ilown, and 
ramnted. Having sleidted ovc)' the thior over an ai'ca 
larger than what will be covered by the (•))pe, a layer 
of ])arting sand is s^)ri'ad over it, and tin- eoi)e ))laeeil 
in position. Facing .stuid .sjaankled over the ])attern, 
a gate pin ])laced in a shitable jjosition for running 
the casting, and the cope )-ammeil with lloor saml. 
After ramn)i))g the cope, but befoi'e lifting i ll, it is 
staked iit the four corne)-s,.to en.sui'e that when closing 
the mould it will be replaced in exactly the .sa)ne 
position. The stakes should be of amj)le length, and 
di-iven vei-ticidly for at lea^t two-lhi)(ls of their length 
into the gi-ound, with (ho pi'ojecling ends Hush up 
against the sides of the coj)C. 

Loose Pieces. —A pattern is )isually diawn viuti- 
cally from the. mould, but owing to some ovei-lianging 
part, this is not j)ossible in all oiscs without tearing 
the mould. To overcome the ditliciflty the jiattei i) is 
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iiiailo with loose or detncliable pieces, wliicli,'while tlic 
iiioiihl is heinff niiiiiiie<l, are fnsiened to the patVeni hy 
wire pins, screWs, oi- other fusteniiig.s easy of with¬ 
drawal. In inouldiiii' a pattern with loose pieces 
care innst he taken that the holdin^f jiins or screws he 
withdiuwn as the raniTiiing pwacoeds. 

Sometimes a <;rcen sand inoidd is skin dried im¬ 
mediately hel'ore castin.i;’, in which case a loamy facing 
sand is used, and, as with dry .sand monlds, the monld 
hlackened. 


§ 17.-PLATE MOULDING. 

.Either wood or metal plates are used, and, if for 
hand work, they are provided with snugs having 
holes corresponding to the pins in the moulding hoxe.s. 
A flat pattern is attached to one .surface of a wood 
moulding plate hy means of wood screws froin the 
other surface, and wood pat terns of the runner gate 
fixed and attaclnsl in the same way, and the runner 
anil gate coimecteil with the jiattern. On the jilane 
surface of the plate a. small boss is fixed in the 
position where the runner jieg should come. 

In moulding, the jilate is jilaced with the surface 
of the jiattern and the drag uppermost hetween 
two moulding boxes, the drag rammed up as usual, 
and the whole turned over. The i-unner peg is set 
over the boss, and the top jiart rammed up. After 
ramming, the top ])art is lifted off, and the plate 
removed. On putting the top part in position over 
the di'ag th(‘ mould is ready for casting. ' 

A pafutern not having a Hat .surface, hut divided in 
its ci-ntre, is ijiounted in halves on either side of the 
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A ])aU,ei'ii is attiiclieil to a ))l;itc in tlic .saiia; 

way, wr thi‘ plate anil pal tern may lie east in oi. 
pieee. * 

§ 18. -DRY SAND, LOAM, AND BENCH 
MOULDING. 

The ijiethoils einiiloyeil in dry siind nion^dinj; are 
|)ractically tlie same as in ereen .sand moiddine, llie 
only e.s.sential ditt'ercnees lieiny that tjie moulds are 
dried previous to heino used, a loamy .sand is used 
next to llie ])iittej-u, and this is harked with nmnldine- 
sand. Tliev are ecnendlv made in hoxes. 

Dry sand moulds are more |iorous than oieen .sai*d, 
and they nive smoother and sounder eastiiies as they 
e’ive oil'le.ss oas on pouriiie the metal 

The sand of which the mould is imide must he ol 
.sueh a nature that, al'ter di'yine it will \ ield a ]ioi-ous 
hut not friahle. mould. 

A dry sjind moulij may he loiumed hardei; than a 
oreeii sand one, as a mtire^ojien sand is used and the 
moisture expelled on di'yino. 

The extent to whieh a mould is dried \aries with 
the chai'aeter of the mould, and the mel.-d heiny; east, 
whether iron, steelt or hnitis. Koi- steel eastinys the 

mould must he thorouehly ( I.. diy, while lor 

ii*on .and brass castings tin* mould ma_\ he either hone 
or skin drv tthat is tin' sj-nlaee di'ied /o tlie depth 
of about half an inch), 

Drv sand moulds are made, in iion mouldine- boxes. 

After dryiny, a dry .sand mould is yiveii a eoatiny 
of (or faced with) hhiekiny, which in the ease of ji 
bone-dry mould is .ahvays a,p|)lied wid, a'lid either wad. 
or dry to a skin-rlry mould, and is applied either 
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before or after drying the mould. If tlie latter, the 
mould must be at a tempei-aturt; sutlicieiitly iiot to 
dry the faeitig.' 

, The methods of drying a mould vary. A mould 
made in the. iloor must be dried there, and for the 
purpo.se fire baskets (or “devits”) are hung in the 
mould, or large fires built directly over and .surround¬ 
ing it. jloulds made in boxe.s must ho dried in their 
boxes, anil foi' this pnrpo.se drying stoves are used. 
Tlie ordinary stovi; consists of a Krehriek chamber 
with 6rc grates (coal or coke fed) vi),rying in number 
with the .si/;e of the .stove, and fed either from the 
iis.side or externally. As the drying of the moulds is 
elle(!t(al by miians of luiated air, flues are built at or 
near the floor level at the opposite ends to the fire 
grates, and eoniieeted with a stack. The .stove is 
provided with a set of rails ami carriages on which 
the moulding boxes are loaded, and eari-ied in and out 

of the .stove. (J.as-heated stoves are also in use. 

« • 

Loam Moulding 'I'his igethod of moulding is 
generally used for large eastings—such as engine 
cylinders, jiropeller blades, sugar p.ans, and where a 
casting can be made more economically this way than 
otherwi.se. Patterns are hugely dispensed with (this 
is one of the advantages of the method), and in many 
instances none at all are use.il, or at most a few parts 
of patterns, a skeleton i^f the form r(«|uired. 

A loam mould is built up roughly of brickwork on 
a bottom jilate of a shape suitable to tbe casting, the 
brick.s being placed at intervals ap.art, with tbe spaces 
betwefm hlled with ashes for venting jmrposes. Iron 
plates bent tp shape are j)laced at intervals as roipiired 
to strengthen the structure. This structui'c is then 
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coven'd f)r faced witli loam, mid worki'd u]) to llie 
re<|uiij(jd shape hy means of sweeiiiiio IkiuimIs ami 
strickles. For circular sections moulded verticallj’. 
sweeping boards attached to a spindle or striking bar 
are used, and for surfaces that can lx‘ i-ubhed length¬ 
wise strickles working against .straight or curved 
guides. . Any projecting parts of a casting are made, 
hy embedding in the mould, while it is being built, 
patterns of the parts. 'I'lie mould when comjilfited is 
dried, either in the pit or transferred to a stove. All 
loam moulds are^run from the toj). 

Three varieties of loam are used ■ (1) building loam, 
which is black sand made into a slurry with water,or 
clay-wash; (2) coating loam; and (d) tini.shing loam, 
which is the tine sievings from coating loam. The 
loam is milled with water or clay-wash to the |)ro]per 
consistency, and during tin' grinding, cow-hair and 
manure added to make it adhere to the mould, and 
for opening jiurposes. ^ 

A loam mould cai^ only hr used once, and this 
method of moulding is both troublesome and ex¬ 
pensive. 

Bench Moulding. —The moulds for light iron, 
steel, and brass castings tnay be conveniently made 
on benches or tubs, and in this class of work the 
methods followed are exactly similar to those used in 
green sand moulding. Kj,ther moulding boxes, inter- 
cbangeablc and well litted, or snap flasks are used, 
and for divided or Hat patterns a turning-over hoard. 

When a tjuantity of small ca.stings are reiiuirecF 
from the same set of< patterns, time and laboSr may 
be saved by making a pattern of the ruyner and gate. 
In moulding, the runner pattern is Jirst placed on the 
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Ijoard, and the pattoviis of the castings placed in 
contact with each i;atc, and the mould niiJimcd. 
After turning Aver, tiic (op box is placed in position, 
s a runner ])hig set over the gate pattern, and the 
mould completed as usual. 

Several similar jiatterns may he joined together in 
such a way as to form a single pattern, ;»nd the 
connecting ])ieccs the gates. This is termed a “gated 
pattern." 


§ 19.-MOULDING MACHINES. 

Mouldiim machines are used both for the makinj; 
of cores and gre<'n .sand moulds, and it may gcncrallj’ 
he said that, wheiv repeat work of a siniple kind is 
executed, the (juality of the product is ecpial, if not 
.superior, to hand moulding. They an.swer will when 
the i-ammed wcjik can lie easily withdrawn, with 
slndlow |)attcrn.s, and when the mould is e;i.sy to 
ram. huf for work i>f intricate sfiapcs. or re-entering 
angles, they ai'e. not. sultahh* 


§ 20.—CASTINGS. 

Chilled Castings.—Tor certain puiposes (such as 
dies, wlnsiks, chilled rolks, etc.), it is desired to have 
the surface (;y part of a (jisting very hard .so as to 
resist wear, with the body relatively .soft and tough. 
This is effected by placing in the mould at the place 
where the hardne.ss is rei|uired what*arc ti‘rnied 
“chillsT’ which arc moulds made generally in cast 
iron of tbo.s(; jiarts of the casting it is desired to 
harden. The molten metal in direct contact with the 



bASTINOS. 


10!) 


metallic portion (tlie “chill ") of the mould is rapidly 
coolec^, thus preventing the scftarai ion of the carho,. 
as graphite, as would occur under orduiary conditions 
of cooling, hard wldte iron being fornicd, while the. 
body of the casting, which cools more slowly, remains 
telatively soft and toitgh. As a rule, chills are used 
in conjiuiction with green sand moulds, aiii\,any iron 
that chills will make satisfactoi x chills 

The d(‘|)th or thickness of the chilj obtained will 
depend on tin' weight of metal in the chill em|)loyed, 
and the greater«the weight oi’ mass of metal in the 
chill the more rapidly will Ihe heat, be drawn away 
from the molten metal coming in contact with it, ami, 
therefore, the deeper the chill. W hile chills .should 
be sutlieiently heavy (oi- tliick) to produce the 
nccessai-y depth of chill, they should not. on Ihe (me 
hand, be too heavy, as the tendency to crack is in¬ 
creased, and, on the (Aher luuid.not too thin, otherwise 
the chill will not be sidiiciently dee|i W'l^ere skin 
chilling only is i-eijuired^ Mat pkates from inch to 
1 inch thick will answer the ]iurj)ose if for plane 
.surfaces, or if for curved surfaces, sha](ed to tit the 
curvature. 

The .surfac.e of tt chill w'hiel. comes in contact with 
the ca.sting is freed from tool marks, etc., liaapiently 
by being machined, and as the liipiid metal will not 
lie (piietly or the blackinisf adlmia; on sAich a smooth 
surface, the smoothness is remo\ ed by unilorndy 
rusting it W^ith this object the surlace (»1 tin* chilly 
is slightly wetted with a saline solution ■ urine, or a 
dilute solution of sal-ammoniac may be used - and 
ex[)OSed to the weather. No c.rust (d .rust must be 
left on, only a thin, unifm'in, adhering coating. 
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. A chill is bedded against the pattern, and rammed 
up witli the mould, while to prevent the hoK fluid 
metal from sticking to and damaging it, the surface 
> is coated with plumbago, or given a wash of black- 
lead with a little clay. A chill is always heated 
before being placed in thd mould, as otherwisfc 
there is .danger of fracture from the suddeiv contact 



with the hot metal, and the possibility of moisture 
depositing on the surface of the chill and causing 
trouble. A mould is cast before the chill has time 
to cool. 

In casting, the inouJd slionid be lilled as rapidly as 
possible, anil, (hcrcforc, lai-gc gates arc jiecisssary, so 
as to admit a large stream of metal to the mould. 
The position of tlw gates and flic direction in which 
the metal flows niust be such that the latter does not 
impinge on the face of the chill. While the casting 
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metal slioukl be sufficiently hot to ('ii.siire the vapitA 
lilHn}j»of the mould, it should not he hotter than 
neec.ssary, a.s the hotter the metal tlie Greater the 
liability ot the chills to fracture and scour. ■ 

Fig. 2!) shows the mould of a chilled roll. The 
hecks and wobblers are* rammed up in dry sand from 
pattern.St ill the boxes ^1 and H. The lattci-, are pro¬ 
vided with internal Haiiges for attaching to the chill 
The mould is run fi’oin the bottom (lyough a whirl 
gate to the lower neck, as shown. // is the feeder 
head. t 

Malleable Castings. — Malleable castings dllfcr 
from ordinary ca.stings only in that they ari^ h^s 
brittle and usually strongei-. As east, however, 
they are hard and brittle and the change in tlieir 
properties is the result of the afle.r-tre.at.ment to 
which they ari' subjected. ’I'here ai'e two varieties 
of malleable castings, which ditl'er only in the dif¬ 
ferent prineijiles iniiolvcd in their manulactiire, vi/,., 
(1) ordinary malleable (Ahiaumur), ami (2) “lilack 
Heart.’’ 

Ordhldl’!/ Mdllriihli". (“ Itcdu Itinr") ('dyi'nKjs. —In 
this process the object is to eliminate the carbon, 
which exists in the* origimtl i.o^ing in the combined 
state, resulting in material similar to wrought iron. 
This is lirought, about by heating ( '.-inneiiling ”) the 
castings in the presence i*!' an oxidising ma.terial — 
oxide of iron in the form of iron ore. 

The iron u.sed is a spe.ciid variety ol white iron,^ 
obtained by relining hematite iron, low in silioon and 
phosphorus, the lir.st 'named not exceeding one Jier 
cent. M' William and hongmuir giye the following 
analysis of an iron :— 
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Total carbon 
Silicon 
Snlj)hiir . 
I’lio.spliorns 
.MantfiincBc 


3-50 % 
■5 to •!) ,/ 
■20 to 

■(),'■. to (IS , 
■10 to „ 


See also Analy.scs of I’ic-.ii-ons, p. 21, 

The iiioiiMs are niailc in i;recn sand, of a tine orain 
to obtain a, oood snri'ace, well vented, and to make 
])rovision for the lii^jli contraction of wliite iron 
larifcr fj'ates aiid I’isers are u.sed tha’' in <;rey castinj;. 
The iron is molted in crucibles, the air furnace, or 
i:- tile cupola. AUbouab in crucible melting tboro is 
more certainty of tbc coni])osition of tbe iron tbe 
metbod is limited by tbc ucigbt of (be casting, and 
it is bigb in Inel consumpiioii Kor ligbt work, and 
wbere bigb-grade work is not rei|nired, tbc cupola 
is used, it is not, bowexei'. so .suitable foi^ bcavioi' 
work, and to obtain belter uniformity of metal (be 
iron sboiild be ebarged in sjnaU pieces. 

Eitber when cold or ju.st set tbe runners arc de¬ 
tached ; tbe cold castings barrelled to remove tbe sand, 
or if too delicate to allow of tins, treated with dilute 
acid, and subseiiuently w'asbcd ill water. They are 
then jiacked in pots or boxes with iron ore, and after 
luting on tbe lids with fireclay, (be jiots or boxes 
])laeed in tbe annealing ov-'u or furnace,and beated at 
a full red beat for a jiei'iod of IVom eight hours to as 
many days, and when annealing is com]>lete, a,bowed to 
cool slowl}', Tbe oi-e used is a variety of red hematite, 
brokcYi up tinely and Rie\ed,and on account of its being 
too active i* is not usual to use all new ore, but a 
mixture of one part new to several paits of old. 
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The pots or boxes are generally made of cast iron,, 
and vai*y in si/.e and sha]K.‘ ascordino to tlie castings 
to be treated. The annealino oven or furnace is 
usually a rectangular chamber of a size to contain 
from one. to eight tons of castings, coal, gas, or oil tired, 
generally the fir.st namefi, 

Fig. no shows a simple lorm of coabheated an- 



m^aling furnace, in \Vhich tlfc llames enter at the lloor 
level, pa.ssing toward the centre, and the jiroducts of 
combustion escaping by the Hue in the t>jp. The heat 
•is gradually raised to the pro])ei annealbig tempera¬ 
ture, which according to Turner is H,50 to HOI)'' (!. 
The length of^time the, casting is Le]>tal the annealing 
temperature, that is annealed, is dependent up«n the 
thickness of the castibg, thin castings i-c(|uiring a 
shorter period than thicker. , * 

" Black Heart" 6'o,.s/—The oli)c>ct in tlii,s pro- 
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cess is not to eliminato tlio carbon, but to decompose 
the carbide of iion into finely divided, free-carbon 
(“anuealinjj” or amorpbous carbon) disseminated 
through the iron. 'I'be jirocess is similar to the 
Reaumur, excepting that the castings are packed iii 
scale, or sand, or bone dust ih.stead of iron ore. The 
iron is <usually melted in the cupola, and according 
to M' William and Longmuir should approximate the 
following composition :—(larbon S O per cent., Silicon 
()'5 to 10 j)cr cent,. Sulphur O’O.o jier cent, maximum, 
Phosphorus 010 per cent, maximu’n, Mangauc.se not 
above O’.IO per cent. 

Cleaning or Dressing Castings. —To clean or 
driws a casting, the gates, runners, etc., ai'e knocked 
oir, and then th(“ adhering sand removed by rii|)ping 
with a hammer, followed by brushing with a wire 
bru.sh, or scraping with an old file. 

Small iron, steel, or brass castings may be cleaned 
in a ti’uibler or rattler. This fs a revolving barrel 
into which th(! eastings aj-c packed, and by rubbing 
against each other the sand is rtunoved. After 
tumbling, the cores are cleaned out, and the gates 
ground off. 

A casting that cannot be cleaned by tumbling, and 
has to be machined, is treatfsl with acids. Dilute 
sulphuric acid is generally used, and the casting is 
either soakf d in it, or laii' in a wooden tray, and the 
aci<l poured ovci- it at intervals. 'I'lu' action of the 
acid is to cal. into the skin of the casting, and thereby 
loosen' Ibe sand. (Ilydi’ofluoric acid may also be 
used, in which case the sand only is di.ssolved off.) 
After trcatn.ont with acid the casting is wa.sbcd wdth 
water. This mathod is not suitable for steel castings. 
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A metlioil of cloaiiiiif;, iipjiliciiblo lo nil classes of. 
casting, is by means of coTiijn-cssisI saml-blast, ilii cctcd 
on the casting. 

ANNEALING. -Iron and steel castings arc an¬ 
nealed to remove internal stresses, wbicb arc apt to 
cause fracture, and al^o to render tbcni soft and 
easily uiftcliined. The treatment consists ofc beating 
to a good red beat, and cooling slowly. For steel 
castings Arnold rocomimmds for general,vviu-k be,-ding 
up to about boO t'., keeping at this temperatnre for 
about 70 hours, a»d cooling (luting n]i the furnace) as 
slowly as practicable. 'I'o mmimi.se the .scaling, the 
castings sbould be |iacked in lime in coverecl cast- 
iron boxes. 

Defects in Castings.- .\ faulty casting may be 
due eitliei- to the mould or 0> (lie mct.id, and ibc 
mo.st common defects met with aie — 

iiiiiiiv, that, is, insullicieid mctiil to till tbe 

mould. 

jSVnb.s are wart-likc‘ ])idj«ctions on the .surface ol a. 
casting, and in green sand woik ai'c usually due to 
faulty venting, too much moistui-e in the sand, or too 
hard ramming'. In loam and di'v moulds, .scabs are 
generally tbe i-esnlt*of insutticu-id dr\ ing 

Cold shuts .—When a cjisting shows the junction of 
two streams of metal, tbe casting is said t.o be a cold 
shut. The cause is, poui'iiig tin- melat at too low 
a tempel’atnrc, or not suilii'iently ra|iid. Want ol 
fluidity in tl^e metal is also a cause ol cold slmls, 
in wbicb ca,se a small increase ol tbe siliertn, and 
po.s.sibly of the jibospborus, and a decrease ol the 
sulphur and manganese will generally•jiut matters 
right. 
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, Dirty castinyn may arise from dirty metal, or dirty 
rumiers, risers, moulds, ete. Tliese must be fr* from 
loose sand. A facing that .shells off, or gathers as a 
dross in front of the metal, also gives rise to dirty 
castings. 

Kongh snrfacex. —Sand wilnting in refractoriness, 
or too (V)arso, may be the cause; of rough .surfaces, 
but more generally they are due to the metal being 
either too harjl or poured too hot. 

Jlloirholca arc due to: (I) the mould : (2) the metal; 
and (II) a combination of the two. Jn the majority of 
ea.ses blowholes in grey-iron castings are invari.-ibly 
iVic to the mould, and the cau.se is too hard raTii- 
ming, wet sand, or want of venting. Blowholes due to 
the m(;tal are commonly caused by too little .silicon ; 
h.ard, whit(;, sulphury metal in particular giving lisi; 
to blowholes. 

FI)in. —'I’hese are projections on a casting, due to the 
imju'opgr jointing of the unjuldiug boxes. 

Slirluhiyr criwkn may ^risi; from uneven cooling, 
metal of an unsuitable composition, or a faultily 
designed casting. If due to the metal, the usual 
remedy is the reduction of tin' sulphur and man-' 
gane.se in the mixtuix', or the addfLion of a little nnu-e 
silicon. A reduction of the scrap answeis the .same 
]3urpose. 

Fc/roKlIy («r Hiioiiyhicfuf Ak generally due to .a high' 
percentage of grajihite in the form of large Hakes. 
'I’he addition of steel or wrought iron to the mixture, 
oi' ad|icstmcnt of the .silicon, is the remedy, 

Fo.nJty (Jrsiijn.—lnm durinj} .solidification develops 
a cry.stallim' t^tructure, and, unless a easting is 
designed with lu due regard to the formation of the 
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ci'VHtals, its atronfiftli may lie iiilliicnn.Ml 'I’lic crystala^ 
grow *in a diroction ])i'rpemiicular to tlio nioling 
surface, and it follows that a plane of weakness will 
develop at every sharp eorner As an illustration, in 
Ihe rectangular casting, fig. dl the two .sets of 
crystals cross on a line* which hi.seets the .angle, and 
where the.se crystals meet a jilane of wcaknc;ss is set 
up. On th(! other hand, if the cooling surface is 
curved, the. crystals will inleilaee. apd so yield a. 
strong casting. For this naison all sharp corners, oi- 



laeentering angles, should he :i\'oi(l(al as iiiueh as 
possible. 

Steel Casting* - Steef casling docs myt differ 
materially from ii'on e.astang, hut as the t.emjieratiUn' 
of the metal is much highei-, a more ] el'ract.ory sand 
has to be used for the •loulds 'I'he "eastings are 
made from stee.l melted or made in ci-ueihlcs, the 
open-hearth,furnace, both acid and basic, and .smal[ 
converters, .such as 'I’ropenas, and cither gre«n .sand 
or dry sand moulds arc used. 

For making green sand moulds, or^linary lloor sand 
strengthened by the addition of a luuu sand is used, 
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atiil till' ('i)i-(‘.s arc tiijulc from the same material. The 
aiialy.sis of a, “ composilion ” for dry sand im^dds is 
civeii on j). ST 

llarhord (Mi-hilliiri/ii of Hh-d) "ives tlie following' 
analysis as typical of some steel castings:— 


])ps('rfc}>lio]i of 
('nsIinL'. 

1 

1 


.Sllll-Oll. 

Miui'^atieso. 

L Sulphur 

1 tlUil l*ln>s- 
1 plionis 

» 

h’.iiddi'r frame 

-M> 

4i» 


1 bflow 1 

Shaft la'aeket . 

' -21 



i -0(1 

I Eeeeiilric rod . 

•20 

•lifi 1 

j 

' in all 

,1’ivot-plale 
: (lasting 

4.0 

■47 

•.•!2li 
■.')() 1 


faseK. 

Holler jKith 


-.701 


j 

'22 

•12 


1 ... 1 
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Ih'iefly, the |)roc,c.ss of melting erncihle or ])ot steel 
is as fpllows:—'I'hc crucihic oi', jiot, made cither of 
fireclay or of gra])hile or .pliwnhago, fircvionsly well 
dricil and annealed, is placed in a hot furnace upon a 
stand of fireclay re.sting on the fire-hiu's, and the tire 
hnilt ni> with coke to tlie level of the top of the 
pot. in about the eoui'se of dn houi' the pot is 
ready foi' the chai'ge. which is put into the pot by 
means of a wrought-iron funnel termed a “ charger,” 
then the lid put on the pofc, and the furnaccf filled in 
w'ith coke. 

After the fire has burned for some timy, it is poked 
down hjwards the tire-bai-s and more coke added, and 
wheu^his has burnt oH', the lid'of the pot is removed 
and the [)ot .searched with an iron rod to see whether 
the charge is conipletoly melted. If this is not the 
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case, the lid is re[)laced and the tire neaiu innde ii]) 
with Poke, and the operation reiiealed until (hi‘ eliaree 
is melted. Whi-n melted and sullicienfly ' killed" or 
“dead melted —that is, allowed to remain in thi' 
'furnace for a surticient time after it has hecomi' Ihiid- 
the pot is withdrawn»from the I'urnaci', the lid re¬ 
moved, the slaj; skimmed otf the surface of the lic|nid 
steel, and the metal poui'e<l 

As in iron founding .so also in steel founding the 
castine temjieraturc of the metal is all-^ni]iortant. and 
will vary with tlje si/.e of the casline. a hotter metal 
heine re(|uired for small intricate castines than heavy, 
thick ones. If the tcmperatui'c of castine is t.oo low 
there will he the danger of the imailds not tilling 
and the surface of the casting will he dcfectivi', while, 
on the other hand, too hieh a tein))erature will cause 
pijics and misonndness, due to uneMsi contraction. 
.Speakinj; i;encrallv, jirovided the nctal is sntliciently 
Iluid, too low a temperatlire is lietter than too hiyli. 

'I'he three chief delj'cts met with in steel caslinij.s 
are (I) hlowholes, fi) |iipcs, and (k) seerceal loii. 
Itlow holes have heen dealt, with under ■defects in 
iron <-astines.’' A ])i]ie is a cavity due to shi'inkaoe, 
ea.used hy eontraePion. Sfs'rt ^.0 ion is the seiiai-atino 
out and watheiinj; together ol certain ol the con¬ 
stituents of the metal. These are yeierally the more 
fusible vf the constituent's, and therefore the last to 
solidify. 

Otto lleekn^jinn wives the follovvinw as the. usual 
composition of steel lor': - 

' (/'irasu-i’i anil /I'lw 'iii'l t'lui/ '! Aliiv II, 

UK 19. 
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Oarhon. .Silicon. 

Miu^giinese. 

* 

Small machine purls 

A 1 

% 1 

■')() 

Large machine parts 

■ltd '41 -2 to -4 

•;) to 'Sj* 

Hard pieces for edge |•un- 

•S fo lO' -2 to -4 

A to I-OJ 

nei's. Ore ernshers, etc. 


1 

SliijihuiJding material 

■2 to -4 -d 

' -5 1 

(.stem posts, rudder 
frames) 



Switches, Press cvlinders. 

■7 -4 

•H i 

etc. 


1 


^Brass, Bronze, and Phosphor-bronze Casting.— 
JiroHs .—In coiii)io.sitioii the briiss iFscd for Ciwlings 
varies coiisideral)ly : it i.s dejasident to a large extent 
upon the use to wliieli tile easting is put, and the, 
colour reipiired (lonnnereial hi-ass not only contains 
copper and zinc, hut also the impurities present in 
the separate metals, allhougli ^to a le.sser extent. 
The most common of these ape tin, lead, iron, and 
arsenic, and although they may he looked upon as 
impuritii's, yet they are sometimes jmrpo.sely added 
to obtain certain results. l'’or instance, the addition of ' 
1 to 2 per cent, of lead, to hwiss that is to he turned oi' 
tiled, gives sharpness to the metal, while the addition 
of a small (juantity of tin increases the hardness. 

Bra,ss moulding ditiers bu| little from iron moulding, f 
A finer sand, however, is u.sed, and the joints are 
made smoother. For small casting^ the brass is 
‘"i.ielted in a crucible (for type of furnace see tig. 1), 
and where a large quantity of 'metal is reipiired an 
air or revcrbepatory furnace is u.sed (.see p. 47),' 

' Any loss in mulling -cliietly zinc—must be made good. 
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Tlio ni(;ltin<j;-j)i>int, of brass is loss tliaii tho moaij 
of its^'onstituoiits, anj lower tliaii llial of iron, anil 
in inoltinj; tlu‘ inolal care must djo taken Ibat the 

f 

teinperature be not raised too liij;li or the operation 
’unduly prolonged, or else loss of zine throiioli volatilis- 
iftion will take place. The air should also be excluded 
as inuclv as possible to prevent o.xidation of. the zinc, 
which is done by covering (he metal with a layer 
of cbareoal or antbraidte or any substiyice ha\inj;no 
chemical action on the mid.d. 

In inakiii}; alhj^'s the metal of the highest imdtino 
point is usually liivst charged, .and when it is jiartially 
fii.sed the other metals in the order of their fusibility 
added; zinc when nil the others are molten. 

As with iron ami steel the temjieraturi' ;it which 
the brass is jioured is of considerable inllueiice, and 
if too hot the ca.stines will he ponais, while if too 
cold the mould will not he lilled. 

In makine- hi'ass, the copjier, containi'd in a m ueihle ' 
and covered with a la^’ei; of chareo.-d or anthracite, 
is first of all melted, the zinc- then ailded, and the 
contents well mixed by stirrine \j ilh a st ick. 

Jiniiizi'.— 'rill' remarks on brass castine, etc , a])|)ly 
o.i|ually to bronze. 

'riie alloy i.vprepared by lirsi meltiny the copper, 
and then addinj; the tin or tin and zinc, as the ca.se 
may be, tind stirrine. 

' Ora revurtiersitmv fnniace, d' a l»ir't;r ■|"•Ultily is rc.|inml 
Til lueltine in iTreveihenitery fin'ii.ifr, the fiirnare iiinsltie wnrkeiT 
\Cith a snioky Haine, and the snrfaei- (if (he metal \vidl*envered 
with eliiu’cnid or anthraeite. Zinc is not added nntd the other 
eonstitnents are molten. 

- The zinc should lie plunged helon the stnfaee of the metal. 
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NOTES ON FOlINDUY I'llACT'OE. 


PlKmphor-hronzr is prepared by iiieliini; copper 
and tin in a plumbago crucijile under a eo^er of 
charcoal or anthracite, and when melted adding a 
. certain quantity of phosphor-copper or phosphor-tin, 
or botli. 

For small castings green sadd moulds an* used, and 
fordarg(!icastings the mould is dried, and coated with 
a Tiiixturc of blacklead and water. 
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